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N THE morning of April 23, 1915, big 
seare heads in the newspapers announced 

O ‘*Huns Gas Allies,’’ or ‘‘ Allied Trenches 
Stormed by Poison Gas,’’ or ‘‘ Allied 

Armies Wiped Out by Deadly Gases.’’ 
LEIS We read the accounts of these attacks 
and the terrible sufferings of the unfor- 

tunate armies with surprise and horror, and the surprise 
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FIG. 1, EDGEWOOD ARSENAL AS SEEN FROM AN AIRPLANE DEC, 4, 1918. FROM LEFT TO RIGHT: CHLORINE PLANT 
CHEMICAL PLANTS AND FILLING PLANTS 


launched on that spring day by the Huns. 


Stopped by the Armistice 


Ar EpGEWoop ARSENAL AN EXTENSIVE INDUSTRY FOR THE MANUFACTURE OF CHEMICALS FOR WAR WAS DEVELOPED 
AND Put INTO OPERATION IN ABOUT ONE YEAR. STEAM AND PoWER IMPORTANT FEATURES INVOLVING THREE PLANTS 


to us was no more than to the allied governments which given by the Allies, but new gases were being used every 
were totally unprepared for gas warfare as it was day, each requiring different equipment for manufacture 
upon any adequate scale, so the need for research, inves- 


























This was the beginning of gas warfare, nearly 2 yr. 
before the United States entered the struggle. From 
that date to the signing of the armistice the use of toxic 
gases and other chemicals increased continuously and 
the manufacture of these chemicals on a commercial 
basis was one of the big problems faced by the United 
States. 

Every possible aid to the solution of this problem was 
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tigation and engineering became apparent at the outset. 
Due to its success in dealing with mine gases, the Bureau 
of Mines voluntarily undertook the task of research and 
these four problems came up for solution: Gas masks, 
gas shells, toxic gases, and shell filling machinery. 
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FIG. 2. INTERIOR VIEW OF PHOSGENE MIXER BUILDING 
SHOWING CATALIZER BOXES FILLED WITH CARBON 
~ AND CONDENSER COILS 


The Edgewood Arsenal was selected as the most de- 
sirable location for the manufacture and loading of the 
gases by the government. It is on an arm of Chesapeake 
Bay with harbor facilities, twenty odd miles from Balti- 
more, Md., and accessible on the main line of the Penn- 
sylvania R. R. between Washington and Philadelphia. 





FIG. 3. FILLING 75 MM. SHELLS WITH MUSTARD GAS, THESE 
MEN ARE PLACING AND REMOVING SHELLS FROM THE 
RACKS; THE ACTUAL FILLING IS DONE AUTOMAT- 
ICALLY IN THE TUNNEL SHOWN IN THE 
BACKGROUND 


To this arsenal were given these two general problems: 

(a) The procurement of the necessary toxic gas sup- 
plies, either by direct purchase frem existing chemical 
firms or by the building and operating of government 
plants, and 

(b) Loading of this material into shells. 

After due consideration, the decision was made to 
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build a government plant, which was authorized in June 
1917. 

From an industrial standpoint the problems of the 
filling plant were, in a general way: The loading of 
shells with toxic gas, in liquid form, as far as possible 
by machinery. This must be done in a well ventilated 
room or tunnel by machinery operated from outside the 
tunnel to insure safety to the workers. The shells were 
closed by standard tapered pipe thread, the plugs being 
operated by automatic machinery. (This was done so 
effectively that no leaks were reported.) Conveying 
machinery of a special nature was necessary for con- 
ducting the shells through the filling tunnel. Refriger- 
ating machinery was also essential to keep gases in 
liquid form, as their boiling temperature is below that 
of normal atmosphere. Two filling plants were installed 
and these were served by one refrigerating plant. 





FIG. 4. EXTERIOR VIEW OF PRINCIPAL POWER PLANT 


Co-operating with the government in developing and 
installing the machinery in this plant were companies 
most of whom are known to‘readers of Power Plant 
Engineering: Waterbury-Ferrell Foundry & Machine 
Co., Reynolds Machine Co., Liquid Carbonie Co., Karl 
Kieffer Machine Co., Spray Engineering Co., Triumph 
Ice Machine Co., Link-Belt Co. 

The two gases which had proved most effective up to 
the time of the development of this plant were phosgene 
and chlorpicrin, and these had been adopted as standard 
by the allied nations. No commercial means existed in 
this country for the manufacture on anything like an 
adequate scale so this became the immediate problem. 

Phosgene had been used in the manufacture of dies 
for a great many years in Germany, but had never been 
developed here, although, of course, it was no secret in 
laboratories, and since the beginning of the war had 
been made to a limited extent by the Oldbury Electro- 
chemical Co., of Niagara Falls, which company co-oper- 
ated with the Government in developing means for its 
manufacture on a large scale. Phosgene is made by pass- 
ing carbon monoxide gas and chlorine gas over carbon 
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under proper heat conditions, resulting in the follow- 
ing chemical reaction: C O0-+2 CI—C O Cl.. 

The manufacture of chlorpicrin in laboratories was 
also well known and was made by several companies in 
this country on a semi-commercial scale, but not in suf- 
ficient quantities to meet the demands of the govern- 
ment. This gas is made by passing live steam through 
a mixture of picrie acid and bleaching powder (the so- 
called chloride of lime) under well regulated conditions, 
thence into a still in which it is condensed. 

The first development was a filling plant on which 
construction work began October 15, 1917. Then due 
to the uncertainty of supply from outside firms, con- 
struction on the manufacturing plants was begun on 
January 25, 1918. Among the products of the plant at 
the time the armistice was signed were phosgene, chlor- 
picrin, mustard gas, chlorine and bromine. 
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PowER REQUIREMENTS 


TO SERVE this entire plant, two power houses were in 
operation and one other in the course of construction at 
the time the armistice was signed. What is known as 
No. 1 contains ten 400-hp. water tube boilers, which fur- 
nish steam to drive two 2000-kw. and two 500-kw. turbo 
generators, also an ice machine direct connected to a 
Corliss engine. 

The second plant was used principally for evapora- 
tion purposes, being equipped with eight 500-hp. verti- 
cal water-tube boilers, which carried steam pressure of 
175 lb. Two 750-kw. turbo generators acted as reduc- 
ing valves for the steam pressure lowering it to 20 Ib. 
at which it was used in the processes. 


The third plant, which was designed along common 
central station lines, is the largest of all, is only par- 





FIG. 6. ONE OF THE TURBINES NEARLY READY FOR OPERATION 


For the readers of Power Plant Engineering, the de- 
tails of processes for manufacturing these chemicals and 
their effects upon the human body are of only passing 
interest, but from what has been said it will be realized 
that a great amount of power was required, for the proc- 
esses require heat, refrigeration, ventilation, electrolytic 
action, light and power for running all kinds of 
machinery. 

To meet the initial requirements for power a 10 mi. 
transmission line was put up connecting the plant to 
the lines of the Pennsylvania Water & Power Co., and 
the Consolidated Gas Electric Light & Power Cd. This 
provision enabled the plant to get on a working basis 
while its own power plants were being built. 





tially completed and will probably never be put into 
operation. 

It will interest power plant men to know that this 
plant was being built to perform its work in an economi- 
cal way with reasonable assurances against shutdowns, 
and with as few men as modern -practice will permit. 
An outline of the plant as it was proposed, with a few 
views showing how far the work had progressed will 
be given. 

Considerable space for the storage of coal was pro- 
vided outside the building. To this yard, the coal would 
come on railway cars being unloaded either by gravity, 
when drop bottom cars are employed, or by means of 
a locomotive crane and grab bucket. The railroad track 











extends into the building and would permit dumping 
coal to a crusher, to bunker or to scraper conveyor that 
delivers coal from bunker to a skip hoist. Over the aisle 
between the rows of boilers is a series of bunkers, which 
receive coal from a scraper conveyor fed by the skip 
hoist. Automatic scales are provided for weighing the 
coal on its way to each stoker hopper. 

The plans called for 10 boilers, set in two rows with 
the firing aisle between. The boilers are of the vertical 
water tube type served by gravity underfeed stokers 
each having seven retorts. For operating the stokers, 
two vertical steam engines are provided for each row of 
five boilers as will be noted in Fig. 5. 

Provision was made for forced draft under the fuel 
bed, the gases to be carried through breechings for each 
row of boilers direct to a self supported steel stack, no 
economizers being planned for. 





FIG. 5. CONDITION OF BOILER ROOM AT PRESENT TIME 

Two feed water heaters were installed; these are of 
the open type arranged to take exhaust steam from the 
auxiliary units, the make-up water coming from the 
service supply as the bay water is slightly salt. 

Plans called for two steam turbo generators, each of 
10,000-kw. capacity, developing three-phase alternating 
current of 25 cycles at 6600 v. and run at a speed of 1500 
r.p.m. Directly beneath the turbines provision was made 
for surface condensers which would be supplied with 
condensing water from the bay through two large cast 
iron pipes, the intake to which is through a traveling 
sereen of three sections. The two circulating pumps are 
located in the rack house, each being of the 30-in. cen- 
trifugal type, driven by a 300-hp. motor at 360 r.p.m. 

At the extreme right of the building, shown in Fig. 
4 is the compartment provided for switches and trans- 
formers. Line voltage would be the same as that of the 
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generators, 6600, so that no step-up transformers were 
planned for, but the voltage of motors about the plant 
is 440 and step-down transformers are provided. 

The output of this plant was to be used principally 
in the chlorine plant, much of it for electrolytic proc- 
esses being changed from alternating to direct current 
by rotary converters. 

All work on this plant was stopped not by tie 
mighty guns of the enemy nor his armed hosts, but by 
his ery of ‘‘enough,’’ as evidenced by a ‘‘serap of pa- 
per,’’ the armistice. 

Here we have it, a modern power plant almost reaiy 
to run, built in a remarkably short space of time. It 





FIG. 7. SURFACE CONDENSER INSTALLED UNDER TURBINE 


would be the pride of any fair-sized city in the country. 
The machinery was built under rigid government speci- 
fications and has never turned over in actual-use. Its 
location apparently forbids its use for peaceful indus- 
tries. Disposition of the machinery seems, at present, 
the only practical course for the government to follow 
which will probably be done when peace has become 
definite and not subject to if’s, but’s and provided’s. 


‘* EXTRAVAGANCE rots character; train youth away 
from it. On the other hand, the habit of saving money, 
while it stiffens the will, also brightens the energies. [If 
you would be sure that you are beginning right, begin 
to save.’’—-THEODORE ROOSEVELT. 
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Economizer Practice 


Savinc, Mareriats, CLEANING, KEEPING TRACK OF PERFORMANCE, 


TEMPERATURES, GAS VOLUME, AIR LEAKAGE. 


T PRESENT the tendency in steam boiler plants is 
to operate the boilers, particularly those boilers 
equipped with forced draft, at a high rating. The 

advantages of this method of operation are many, but 
one great disadvantage is the high stack gas tempera- 
ture, for the greater the load carried on any one boiler, 
the higher the waste gas temperature. In order to over- 
come the waste of heat to the stack, economizers have 
been installed, generally in a bypass flue, between the 
boiler and the stack. Excellent results have been ob- 
tained from economizers, the saving in fuel consumption 
often being as high as 25 per cent. Of course, the higher 
the inlet gas temperature to the economizers, the greater 
is the saving in fuel. 

In the steam boiler the lowest limit to which the stack 
temperature may be reduced is necessarily the steam tem- 
perature; while in the economizer the lowest limit is that 
of the feed water. In average boiler operation it is 
usual to have about 85 per cent reduction of the avail- 
able temperature drop of the gas; that is 85 per cent 
drop in the temperature between initial and possible 
outlet gas temperature, the latter, of course, being equal 
to the steam temperature. In order to obtain 95 per 
cent reduction, the boiler heating surface would have 
to be inereased by 60 per cent. In many plants it is 


doubtful if the gain due to lower stack temperature | 


would warrant the necessary expenditure for the addi- 
tional boiler heating surface. Heating surface, in the 
form of an economizer, equivalent to 60 per cent of the 
boiler heating surface would have many advantages over 
the addition of 60 per cent heating surface to the boiler. 
One great advantage is the fact mentioned above that 
the lowest limit to which the waste gas may be cooled is 
that of the feed water. 

Cast iron: is ordinarily used in economizer construc- 
tion, although wrought iron and steel have sometimes 
been used. There is less danger of corrosion with cast 
iron than with steel, although good results have been 
obtained with the latter. Corrosion is usually caused by 
leaky joints or too cool feed water to the economizer. 
Generally little trouble is found with feed water around 
120 deg. F. The dew point of the waste gas determines 
the feed water temperature for if the water is below the 
dew point, the vapor in the gas will condense out in the 
form of sweat on the economizer tubes. Moisture mixed 
with soot forms a spongy coating on the outside of the 
tubes which tends to collect the acids formed by the 
combustion of the fuel, and these attack the tubes, caus- 
ing corrosion and pitting. 

The outside surface of the tubes should be smooth 
when first installed. It is claimed that soot will not 
stick to the tubes if they are hot and smooth. Any small 
irregularity on the surface of the tubes will tend to fill 
with soot, which always has a detrimental effect on the 
operation of the economizer. 


CLEANING TUBES 


WHEN economizers were first used, no provision was 
made for cleaning the outside of the tubes. It was neces- 
sary to bypass the economizer periodically and wash the 
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outside of the tube. This method was unsatisfactory, 
So scrapers were developed to clean the elements. Each 
tube is encircled with a set of scrapers which travel con- 
tinuously up and down the tubes at a slow rate of speed, 
removing the soot by this operation. The operating 
mechanism for the scrapers is usually placed above the 
economizer and motive power may be supplied by motor 
or steam engine. A space is generally provided below 
the bottom header into which the soot may drop to be 
removed later, either by conveyors or by hand. Much 
better economy was obtained by this method of tube 
cleaning than by the intermittent system, as the tubes 
were practically clean all the time. Due to the heat and 
to the location of the mechanism, however, oftentimes 
difficulty is experienced in keeping the mechanism in 
proper working condition. 

Another method of cleaning the external tube surface 
is by means of a permanent installation of steam soot 
blowers, steam nozzles being so arranged that the entire 
surface of the economizer tubes can be thoroughly 
cleaned. Due to the comparatively low temperatures in 
the economizer there is little difficulty met with the use 
of steam blowers as compared with their use on steam 
boilers and they require little attention after being in- 
stalled. In some plants compressed air is used in place 
of steam. 

Soot is an excellent insulator; 1/16 in. of soot on a 
tube would have the same effect on heat transfer as if 
the tube were tightly wrapped with 14 in. of asbestos 
paper. On account of the low temperature difference 
between the water and waste gas in the economizer, it 
will readily be seen how important it is that the tubes 
be kept clean. 

Inside the economizer tubes are subjected to the same 
scale formation as a boiler. The circulation of the water 
in the economizer is slow and the impurities carried in 
suspension usually settle to the bottom and ean be blown 
off at the blowoff valves. Usually there is sufficient tem- 
perature of outgoing feed water to deposit much of the 
impurities carried in the water. The scale-forming ele- 
ments deposited on the tubes do not bake as hard on the 
economizer tube as in a boiler, on account of the much 
lower temperature to which the economizer tube is sub- 
jected, but usually the scale forming elements remain in 
the economizer in the form of a thick mud. If this 
muddy deposit is allowed to remain in the lower header, 
it will gradually slow up the circulation, sometimes to 
such an extent that steam will form in that section of 
the economizer. The only method to rid the economizer 
of this deposit is through the blowoff valves, and they 
should be so placed that the deposits will be removed 
from each section when blown down. 


Gas TEMPERATURES 


A KNOWLEDGE of the temperature of the stack gases 
entering and leaving the economizer is quite important 
for its successful operation. These temperatures may 
be obtained by means of a mercury, or electric pyro- 
meter. A recording thermometer is always more de- 
sirable, as a chart is obtained and references may be 









POWER 


made to this record at any time. Moreover, from this 
record it is possible to determine quite readily such loss 
as is caused by air infiltration or dirty tubes. It is im- 
portant that the proper location be chosen for inserting 
the pyrometer element in the gas flue. The elements for 
measuring the gas temperatures should be placed in the 
flue just immediately before and after the economizer. 
Care should be taken that the element is not placed be- 
hind the damper, or in some part of the flue where there 
is likely to be a pocket of dead gas. Generally in the 
middle of the flue is the best location for inserting the 
pyrometer. It is important that the hole in the gas flue 
through which the pyrometer element is inserted be 
well sealed, to avoid air infiltration into the economizer, 
and thereby incorrect temperature readings. 


WatTER TEMPERATURES 


Water temperature into and out of the economizer 
may be read from a mercury thermometer placed in the 
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48. WASTE GAS PER LB. COAL 
FIG. 1. POUNDS OF WASTE GAS PER POUND OF ILLINOIS COAL 
FOR VARIOUS PER CENTS OF CO, 


inlet and outlet water pipes. As in the case of obtaining 
gas temperatures, it is more desirable that recording 
thermometers be used in obtaining the water tempera- 
tures, particularly in the case of the outlet temperature, 
for both mechanical and economical reasons. 

The main object of the economizer is to heat the feed 
water, and no economizer is complete without at least a 
thermometer in the water outlet for without it the 
operator has no idea how efficiently the economizer is 
performing its function. From a mechanical stand- 
point it is not desirable to operate an economizer under 
conditions such that with either a slight rise in the tem- 
perature or increase in weight of waste gases steam 
would form in the economizer itself; therefore another 
reason for having a permanent record of the outlet water 
temperature. — 
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Gas VOLUME 


VoLUME of gas entering the economizer may be cal- 
culated by two methods. First by the direct method, by 
calculating the weight of waste gas per pound of coal 
and multiplying this result by the pounds of coal burned 
per hour. Second, by the indirect method which consists 
in dividing the heat put into the feed water by the 
product of the drop in gas temperature through the 
economizer and the specific heat of the waste gas. The 
indirect method necessitates, of course, a water meter 
which measures the quantity of feed water going through 
the economizer. 

The following calculation shows the method of arriv- 
ing at the weight of waste gas per lb. of Illinois coal. 
Assume the coal to have the following proximate 
analysis: Fixed carbon, 38.7 per cent; volatile, 39.0 
per cent; ash, 8.5 per cent; moisture, 13.8 per cent, and 
ultimate analysis as follows: Carbon, 60.0 per cent; H., 
4.3 per cent; N., 1.2 per cent; O., 10.8 per cent; S., 1.4 
per cent; ash, 8.5 per cent; moisture, 13.8 per cent. Also 
assume the analysis by volume of the waste gas entering 
the economizer to be 10.01 per cent CO,; 9.6 per cent 
O.; 0.0 per cent CO. The weight of a cubic foot of carbon 
dioxide, CO,, is 0.115,92 lb., and the weight of carbon 
in a cubic foot of CO, equals 0.0316 lb. 

The weight of carbon in a cubic foot of the above 
waste gas equals 0.10 & 0.0316 = 0.003,16 lb. Therefore 
the cubic feet of dry waste gas per pound of coal equals 
0.60 —- 0.003,16 = 190 eu. ft. Weight of one cubic foot 
of waste gas equals 0.0783 lb., so that the pounds of dry 


' waste gas per pound of coal is 190 & 0.0783 = 14.9 lb. 


Along with the dry gas we have moisture from the 
coal itself and from the air supplied for combustion also 
moisture formed by burning the hydrogerf. Moisture per 
pound of coal— 


AN UMATUPAL COAL sc. soca ewes 0.138 Ib. 
from hydrogen in coal 0.043 9 = 0.387 Ib. 
MGT’ So5cw hacks bancneeeawire 0.075 lb. 

a n. a 0.600 Ib. 


So that the total weight of waste gas per pound of 
coal burned to the above analysis equals 14.9 + 0.6 = 
15.5. Figure 1 shows different weights of waste gas per 
pound of Illinois coal for different per cents of CO,,. 


Heat TO WATER 


Arter calculating the waste gas volume and knowing 
the inlet and outlet temperatures of the waste gas there 
is now sufficient data to caleulate the heat taken out of 
the waste gas by the economizer and the amount dis- 
charged to the stack. Taking the above data, 10 per cent 
CO, in the stack gas and Illinois coal and assuming that 
the waste gas has a temperature of 600 deg. F. when it 
leaves the boiler, the heat or B.t.u. contained in the 
waste gas can be calculated. The specific heat or heat 
required to raise 1 lb. of gas 1 deg. F. equals 0:25 B.t.u. 
There are 15.5 lb. of waste gas per pound of coal. There- 
fore the heat leaving the boiler in the waste gas, per 
pound of coal equals 15.5 < 600 X 0.25 = 2325 B.t.u. 
In order to simplify the caleulations zero degree F. air 
temperature is taken. Assume that the economizer ab- 
sorbed sufficient heat to lower the waste gas tempera- 
ture to 400 deg. F. Then the heat discharged to the 
stack equals 15.5 X 400 X 0.26 = 1550 B.tu. 2325 — 
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1550 = 775 B.t.u. absorbed by the economizer per pound 
of coal. 

Suppose in a boiler plant 2000 lb. of Illinois coal were 
burned per hour, under the above conditions, that is 10 
per cent CO, and 600 deg. F. inlet gas temperature to 
the economizer and 400 deg. F. outlet gas temperature, 
also that 13,000 lb. of water at 125 deg. F. are fed into 
the economizer. It is desired to know the temperature 
of the feed water leaving the economizer. From the 
above, 775 B.t.u. are absorbed by the economizer per 
pound of coal, so that 775 < 2000 = 1,550,000 B.t.u. are 
absorbed. In this case let X equal the outlet water tem- 
perature from the economizer then— 

13,000 * (X —125) equals 1,550,000 B.t.u. 


X — 125 = 119 
X= 244 deg. F. 
8 9 | ae | eS 
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contained only 6.8 per cent CO, and was at 300 deg. F. 
It is desired to know the temperature of the feed water 
leaving the economizer and the amount of heat required 
to heat up the excess air which leaked into the 
economizer. From Fig. 1 we find the pounds of waste 
gas per pound of coal to be 22.5 for 6.8 per cent CO, in 
the gas. Heat in waste gas to economizer equals 2000 < 
15.5 < 600 0.25 = 4,650,000 B.t.u. Heat in waste gas 
discharged to stack = 2000 X 22.5 x 300 X 0.25 =3,- 
375,000 B.t.u. Heat taken up by the economizer equals 
4,650,000 — 3,375,000 — 1,275,000 B.t.u. If X equals 
the outlet water temperature from the economizer then 
13,000 (X — 125) 1,275,000 Btu. X—223 deg. F. 
Air leakage into the economizer = 22.5 — 15.5 =7.0 Ib. 
of air for every pound of coal burned or 7 -- 0.080,728 = 
86.8 cu. ft. of air at 32 deg. F. This air was heated up 
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FIG. 2. RELATION OF HEAT GIVEN UP BY GASES TO HEAT ABSORBED BY FEED WATER 


Arr LEAKAGE 


WHILE the inlet gas temperature may be 600 deg. F. 
and the outlet gas temperature 400 deg. F., this drop in 
temperature may not be due entirely to heat absorption 
by the water in the economizer, as there may be con- 
siderable heat given up by the waste gas to heating air 
which leaks into the economizer. In fact, air infiltration 
is an important thing to guard against for economical 
operation. Suppose as above that the waste gas entering 
the economizer contained 10 per cent CO, and was at 
600 deg. F., but that while passing through the 
economizer the waste gas became diluted with air, in- 
filtrated through the setting, to such an extent that it 


to a temperature of 300 deg. F. before it was discharged 
along with the other gases to the stack. Then the B.t.u. 
required to heat the excess air equals 2000 7 300 
0.25 = 1,050,000. 

It is thus readily seen that low outlet gas tempera- 
ture does not necessarily mean economical operation of 
the economizer. For in this particular case nearly as 
much heat went to heating up the infiltrated air as was 
absorbed by the water. If the heat to the air had also 
been absorbed by the water then 13,000 (X—125) = 
2,325,000 B.t.u. and X would equal 304 deg. F. 


Another effect of infiltrated air is that it tends to 
overload the stack or if induced draft is used it puts 








additional work on the fan, consequently requires more 
horsepower to furnish sufficient draft. 

The economizer, due to its peculiar construction of 
headers, dampers, etc., offers many opportunities for air 
leakage. The economizer should be well examined for 
air leakage and frequent checks on the analysis of CO, 
in the entering and exit gas should be made. A rea- 
sonable drop of from 1 to 2 per cent CO, in the gas may 
be expected while passing through the economizer. These 
samples of waste gas should be drawn over a considerable 
period of time, at least 15 min., and should be taken 
simultaneously. If they are not drawn at the same time 
they may not be representative analysis of the same gas 
and incorrect conclusions might be made from the results. 

Use of a torch or candle ig perhaps the simplest 
method of determining air leaks. Particular attention 
should be given to cleaning doors, damper shafts and 
around the top of the economizer. The gas flue between 
the economizer and the boilers should also be well 
examined for air leakage. There are many preparations 
in the market for covering brick work to prevent air 
infiltration and many of them give excellent results. 


RATE oF HEAT TRANSFER 


FIGURE 2 is a curve showing the relation between heat 
given up by the gases and heat put into different 
amounts of feed water. The method of using the curve 
is illustrated on the curve itself by means of the dotted 
line. This curve was calculated on the assumption that 
there was no air leakage into the economizer. Suppose 
the gas temperature drop is 240 deg. F. and that pounds 
of waste gas per pound of coal is 20, also that 6 lb. of 
water are entering the economizer, per pound of coal 
burned in the boiler grate. Read vertically on the chart 
from 240 to the line marked 20 lb., then extend hori- 
zontally to the line marked 6 lb. Vertically below where 
this horizontal line and the 6-lb. line intersect we read 
200 deg. F. This means that under the above conditions 
the economizer should raise the temperature of the water 
200 deg. F. If it fails to raise the temperature of the 
water 200 deg. F., then it is evident that the economizer 
needs attention; it is probable that excess air is being 
drawn into the economizer and that some of the heat in 
the gas is being required to raise the temperature of this 
air instead of the water. 

The quantity of heat, expressed in terms of B.t.u., 
passing through 1 sq. ft. of economizer heating surface 
per hour per degree mean temperature difference be- 
tween the gas and water is known as the rate of heat 
transfer. The rate of heat transfer usually ranges from 
4 to 8 for boilers and is considerably less for economizers 
running from 1.5 to 4. Clean tube surfaces both inside 
and outside, together with high gas velocity are quite 
important for high rate of heat transfer in the practical 
operation of an economizer. Usually the gas velocity in 
a permanent installation depends upon the load demand 
and cannot be changed, but the bad effect of dirty tubes 
on the rate of heat transfer can be kept to a minimum by 
careful attention. 

Considerable work has been done on the law govern- 
ing the rate of heat transfer as affected by the gas 
velocity in boilers. Gas velocities have been expressed 
in various forms, one being weight of gas per hour (W) 
divided by square feet of heating surface (A). These 
forms are used on account of the different shaped sec- 
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tions through which gas travels and the difficulty of 
calculating the actual gas velocity over these surfaces. 
Much the same difficulty is experienced in calculating 
the gas velocity in an economizer. Although usually the 
flow of gas is in a straight horizontal direction in the 
economizer, still for the same weight of gas there are 
various velocities due to whatever the temperature of 
the gas may be. As the gas passes through the econ- 
omizer, its temperature is lowered, consequently its 
velocity, if the economizer maintains the same cross- 
sectional area. The rate of heat transfer varies as the 
velocity of the gases, therefore varies directly as the 
weight of gases per hour and inversely as the size of the 
economizer. 

In the economizer the limit of gas temperature reduc- 
tion is the inlet temperature of the feed water. 

In determining the economical size of economizer, 
the value of heat recovered from the waste gas less the 
fixed charges on investment for the economizer and the 
cost of the fan installation and operation or the value 
of additional stack capacity, governs the size of econ- 
omizer. Usually 4 to 5 sq. ft. of economizer heating sur- 
face is allowed per rated boiler horsepower of the boilers 
supplying waste gas to the economizer. Allowing 10 sq. ft. 
of heating surface per boiler horsepower this would give 
a ratio of economizer heating surface to boiler heating 
surface of 0.4 to 0.5. Depending on the cost of fuel and 
the per cent rating at which the boiler operates, the ratio 
of heating surfaces of 0.75 might be found to be 
economical. 

The following calculation is taken from data pub- 
lished on the results of tests on economizers : 

Be ME abandi stds cacdinieess 1 2 


Sq. ft. heating surface in boiler..... 9500 10,500 
Sq. ft. heating surface in economizer 4750 4610 
Ratio economizer H.S. to boiler H.S.. 0.5 0.44 
Lb. coal burned per hour........... 4850 1360 
Lb. waste gas per Ib. coal........... 21 30 
Lb. of waste gas per hour........... 102,000 40,800 
Inlet gas temperature deg. F.—T,. 535 370 
Outlet gas temperature deg. F.==T,. 325 245 
Inlet water temperature deg. F.—t, 70 105 
Outlet water temperature deg. F.—t, 205 205 
Temp. difference between inlet gas 

and inlet water T,—t,......... 465 265 
Drop in temperature between inlet 

and outlet gas T,—T,......... 210 125 
Per cent drop in gas temperature of 

total possible temperature drop, 

pA ey a rere 45.1 47.2 
Mean specific heat of gases......... 0.25 0.25 
Mean temperature difference between 

gas and water, deg. F........... 293 151.8 
B.t.u. transmitted to economizer from 

the waste gases............... 5,400,000 1,280,000 
Rate of heat transfer in B.t.u. per 

sq. ft. heating surface per degree 

mean temperature difference be- 

tween gas and water ........... 3.9 1.82 


Both tests were on the same make of economizer. 

Condition of the surfaces of the tubes in these tests 
was not stated, but it is probable that in both tests the 
condition of the tubes was good. In test No. 2 the rate 
of heat transfer was much lower than in test No. 1, no 
doubt due to greater weight of gases, and therefore 
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higher gas velocity in test No. 1 than No. 2. The per 
cent temperature drop of the total possible temperature 
drop of the gas is approximately the same for both tests. 
In actual practice this per cent is usually from 45 to 55 
for economizers and is much lower than is obtained for 
steam boilers. 

In conclusion, it might be well to enumerate again 
some of the essentials for high economizer efficiency. 
First the tubes must be kept clean, both inside and out- 
side. Deposits on either side lowers the rate of heat 
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transfer and sends more heat to the stack. Soot on the 
outside of the tube indirectly causes corrosion and in- 
creases the draft loss through the economizer, which in 
case a fan were required to remove the waste gases, adds 
to the cost of fan operation. Second, the air infiltration 
must be kept to a minimum. Very poor results are 
obtained if the economizer setting is not in good condi- 
tion and allows air infiltration into the economizer. 
Any infiltration of air places additional load on the 
fan. 


Worcester’s Fuel-Saving Campaign---ll] 


PERSONNEL AND WORK OF F'AcTORY 
CommiTTEEs. By S. E. BALcoME 


N THE following article the writer will tell of the 

organization and workings of the individual shop 

committees spoken of in previous installments. These 
committees were organized in all of the large factories 
and in most of the smaller ones. The inspectors were 
picked from the largest fuel consumers because they 
would naturally want to make a good showing at their 
own plant, and as the plants represented by these men 
use 50 per cent of the total amount of coal used in 
Worcester, there would be obtained a substantial serv- 
ing anyway. 

In shops where many people are employed the com- 
mittees were composed of a number of men, these men 
being picked out for their knowledge of the different 
methods of using power and steam, and in part because 
they were men who had proven themselves interested 
in their work. These large committees were composed 
of as many as 70 men, not many concerns having as 
many as that, however. 

These organizations would have been, without doubt, 
modified to some extent if the necessity for their exis- 
tence had remained, as many of them were too cumber- 
some to be very efficient. 

The factory at which the writer is employed uses 
about 50 tons of coal a day in the winter months and 
employed at the beginning of the winter over 3000 peo- 
ple in their Worcester factory. The committee was com- 
posed of 70 men, some of whom were foremen, but as a 
rule foremen were not invited to serve as their time and 
attention is supposed to be taken up by their own work. 
The proceedings of that particular committee were as 
follows: 

First, a meeting was called of the entire committee 
which was told of the proposed scheme and of the part 
of each member in the work. An outside speaker who 
has considerable knowledge and experience in the gen- 
eration of heat and power was there and gave them a 
very interesting and instructive talk on some of his 
experiences, which had the effect of making them ac- 
quainted with the work they were to do and also of 
imparting to them some enthusiasm. They were then 
given a short talk by the chairman of the committee 
who told them that records were kept of the amount 
of steam and electricity generated daily and any sav- 
ing they could make would, of course, show on these 
records, 

It was the intention of the chairman to make a 
curve showing the daily steam consumption and another 


one showing the electricity used and have it posted in 
a conspicuous place where all could watch it. 

Cards were passed around to the men on which were 
printed directions, telling them what to look for, and 
also, forms on which to write their recommendations. 
These recommendation were sent to the chairman of 
the committee who looked them over and if he thought 
they were practical, sent in a regular order to the main- 
tenance department to have the work done. The recom- 
mendations were for any change in apparatus or repairs 
to any part of the building or apparatus which they 
thought would effect a saving of heat or power. 

This certainly brought results for the first few days, 
recommendations coming thick and fast, and most of 
them of practical value. Many of them pointed out 
uncovered steam pipe, others mentioned windows that 
were obstructed by hoxes, barrels and other things being 
piled up against them, shutting off the light, and others 
spoke of shafting running idle, unpainted and darkened 
walls, ete. 

The boiler and engine rooms and adjacent rooms were 
taken care of by the engineers, of which there are four. 
The supply of hot water, care of steam pumps and heat- 
ing system also came under their care. To effect economy 
in heating building and rooms, one man was appointed 
to regulate the temperature of the offices and factory 
rooms. 

At another factory a committee of twelve men was 
formed, among which were the electrician, engineer and 
steam fitter. These men held regular weekly meetings, 
at which questions were brought up, recommendations 
and repairs discussed and passed upon. Whenever any 
recommendation for repairs or change was not followed 
out and finished, it was brought up in the meetings and 
the man who was responsible for that particular job 
was required to give a reason why it was not finished. 
Thus everything was done that should be done. 

This seemed to be a very satisfactory way of man- 
aging a shop committee. 

At still another factory a committee of about twelve 
or fifteen men were appointed, and then they were 
divided into seven small committees, as follows: General 
Factory Committee, Committee on Coal Burning, Steam 
Consumption, Heating, Electric Power, Fuel Oil, and 
Night Conservation committees. They were composed of 
three or four men each, and some of the men served on 
more than one committee. These men also met weekly 
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to report progress. Complete records were kept at all 
of these meetings. 

Now as to preventing wastage of fuel, a word might 
not be out of place at this time. 


Fuel and Power Saving 


(Room Committee) 


OBJECT OF THESE COMMITTEES: 
To save 20% of the coal pile in this factory this year. 


WHY THIS MUST BE DONE: 

Because the war will cause a shortage of at least six million 
tons of steam coal in New England this year. 20% saved in every 
factory and building will make good this shortage and reduce the 
number and length of shut downs 


HOW IS IT TO BE DONE: 

Let all officers and employes work together to save heat and 
power, for these all come from coal. 

Help the Committee by cheerfully complying with their plans. 

Watch pulleys, belts and shafting which are running idle. 

Watch for leaks in steam and hot water pipes. 

Watch for defect in hot air heating apparatus. 

Watch for broken windows, poorly fitted doors and windows, 
worn thresholds, rotted or rusted ventilators. 

Report outside doors not provided with door ciiecks or springs 
for keeping them closed in cold weather. 

Report cases when outside openings in stair towers and eleva- 
tor shafts are not kept closed 

See that the temperature of your room is kept at 68 degrees. 

See that electric lights are turned out when not in use. 

See that hot water is not wasted. 

See that steam is shut off on sewing machines when they are 
not in use. 

See that no drinking bubbles are locked open. (It takes power 
to cool water) 

See that temperature is dropped in rooms not used at night. 

See that windows and electric light bulbs and reflectors are 
clean. 

See that live steam is not wasted in the restaurant, building 
A, 1st floor and second floor; building D and other places where 
it is used : 

See that ventilators are closed at night in office. 

Watch for machines running idle and see that belts are thrown 
off or clutch thrown out. f 

See that the current is turned off on electric heater units 
when they are not in use 

Reyort anything that you think will help save Fuel and Power 
to the General Committee. 


a 
FUEL & POWER SAVING COMMITTEE 


GEE, Secretary. 
FIG. 1. REPRODUCTION OF CARD HANDED TO EMPLOYES 


FUEL & POWER SAVING REPORT 





Date Dept. 
Floor Bidg. 
Recommendations 

Reported by 


Send this Report 
to 


ae 


FIG. 2. BLANK FORMS FOR SUBMITTING RECOMMENDATIONS 


A great deal of the waste is due to letting down the 
bars; that is, allowing the plant to run down. Repairs 
are made very speedily when the main shaft breaks, 
but when, for any reason a section of pipe covering is 
taken off or is knocked off, ten chances to one it is not 
put on again for the simple reason that everything runs 
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along just the same and, of course, no one can see thie 
loss of heat which is going on all the time from that 
bare pipe. It is the same with steam traps, blowoff 
valves, and other places where leaks can occur without 
being seen. 

This idea also should be kept in mind, that it is not 
good practice to let either exhaust or live steam go to 
waste into the atmosphere. By a correct arrangement 
of the power load and the steam requirements, all of 
the steam generated can be used. 

This could be accomplished by buying electric power 
at times when steam is not needed. 

There are some difficulties in the way of doing this 
at the present time, but the time will come when it may 
be done and much of the machinery that is given power 


now by burning coal, which is carted thousands of miles ° 


will be run by power from the rivers of the country, 
many of which are now wasting their power for want of 
development, or from highly efficient power stations 
located at the coal mines. 


An Over Supply of Clerical Workers 


‘* ACCORDING TO Captain Felton, who is handling the 
discharged soldiers, the employment service is having 
little difficulty placing in employment men with trades, 
but difficulty is being experienced in placing those who 
merely have clerical ability and training.’’ That state- 
ment was made in a weekly report on the Washington 
branch of the United States employment agency engaged 
in finding work for the men being discharged from army 
and navy. It is confirmed by reports from other branches. 
It is a fact that cannot be either minimized or disre- 
garded, for it is at the same time a guide post and a 
warning. It puts concretely what most people had 
vaguely surmised before but had paid little attention 
to, and that is, too many young people are rushing into 
clerical occupations, such as bookkeepers, stenographers, 
office men, store help, accountants, and the like. This 
work is poorly paid because of an over supply of those 
who are in that line. Labor and skill are commodities, 
and when the market is over stocked, generally prices 
fall. 

There must be more vocational education. More peo- 
ple must be taught to do creative things. For such, we 
see there is a ready welcome by employers. The federal 
board for vocational education at Washington is teach- 
ing disabled soldiers to do creative things, to work de- 
spite their handicaps, in the skilled trades, which afford 
steady employment at good wages, and is having no dif- 
culty whatever in placing men who are taking courses 
in creative work. The really skilled and able artisan 
is rarely affected by slack times, and is always sure of 
a job. 


Correction Note 


IN THE article by Roger Taylor entitled Steam Ex- 
pansion, published in the March 1, 1919, issue, for some 
unaccountable reason Tables I and II were transposed 
so that the figures given for the Carnot cycle, page 234, 
are, in fact, the values for the Rankine eycle, and vice 
versa. 


THE VALUE of life is to improve one’s condition. 
ABRAHAM LINCOLN. 
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WHILE WorKING AS TELEGRAPH OPERATOR IN CoLorRADO He PREPARED FOR Future TECHNICAL TRAINING; 


Later BECAME ACTIVE IN RAILWAY ENGINEERING; Now NoTABLE EXECUTIVE. 


UCCESS, achievement, and distinction, after all, 
are alone for men who consider wisely, resolve firm- 
ly and execute with inflexible purpose and prompt- 

ness. With the great reconstruction period already 
across the threshold of our international life, men of 
America have already a destiny even greater than ever 
before in the industrial progress of the world. The 
great light of civilization can move forward, and be 
kept burning on the heights only by great leadership, 
and these leaders must come from our scientific and 
industrial life. 

For young men, ideals are 
as necessary to guide their 
destiny as the north star was 
necessary in days of old to 
guide the sailor on the bound- 
less sea. The stars that guide 
human progress are our great 
leaders of the past and pres- 
ent. Nothing under the sun 
energizes personality as does 
an acquaintance with the life 
of a leader of men. 

Personality is that price- 
less, immortal treasure by 
which men are instinctively 
and intuitively distinguished 
as possessing those high in- 
herent principles of manhood 
which eminently fit them for 
leadership in dealing with 
both destinies and men. 

Earnestness of spirit, ex- 
ecutive power, capacity and 
responsibility, as well as a 
deep knowledge and interpre- 
tation of human nature, its 
needs and aspirations, all 
these features of personal worth are found emphasized, 
and impress one in the personality of this man. 

There is no virtue so much needed in the great 
world of business today as earnestness. The earnest 
man seldom fails to find success. Opposition seems to 
lose its substance when it grapples with it. With that 
Same earnestness of spirit which characterized the pro- 
cedure of our forefathers in framing the constitution, 
yet implicitly believing in highly concentrated power 
in scientific professional and industrial development, 
Mr. Herr has pursued his way to the pre-eminent place 
he holds today in the world leadership of great men 
—men upon whose shoulders devolved the tremendous 
responsibility of placing the master stroke in our re- 





EDWIN MUSSER HERR 


By M. Emmiuinne Pitr 


cent international victory. Keeping pace and being 
able to cope with the rapid transformation which in- 
volved sweeping and important changes in our com- 
mercial and industrial life during the dramatic events 
of the war, in which the professional engineer played 
an important part, was by no means an easy task. 
Hand in hand, big men of the engineering profession 
worked for industrial success. As a result, today the 
public looks upon the engineer in a new light, as one 
of the important factors in the life and development of 
our country. 

Mr. Herr was born at Lan- 
easter, Pa., May 3, 1860 and 
began his career as a tele- 
graph messenger and opera- 
tor in Denver, Colorado. Lat- 
er he held the position of sta- 
tion master and operator at 
Deer Trail, Colorado, and 
during those days of railroad 
service he prepared for his 
future professional training. 
His education was completed 
at Sheffield Scientific School, 
Yale University, from which 
he graduated as mechanical 
and scientific engineer, spe- 
cializing in electricity in 1884. 

His exceptional ability for 
executive work marked his 
entire college career. Shortly 
after his graduation Mr. 
Herr accepted a position in 
the power department of the 
Chicago, Milwaukee and St. 
Paul Railroad. At various 
times he also held responsi- 
ble positions with the follow- 
ing concerns: Mechanical draughtsman and testing en- 
gineer, then superintendent of telegraphs for the Chi- 
eago, Burlington and Quincy Railroad, and master me- 
chanic for the Chicago, Milwaukee and St. Paul Rail- 
road. From 1890 to 1892 he held the superintendency 
of the Grant Locomotive Works of Chicago. 

In 1895 Mr. Herr was sent as representative of cer- 
tain financial interests to establish locomotive works in 
Russia. In 1896 he became general manager of the 
Gibbs Electric Co. in Milwaukee, and later was identi- 
fied with the Chicago and Northwestern, and also the 
Northern Pacific Railroad. 

Thoroughly skilled in all branches of mechanical 
engineering, Mr. Herr accepted the position of assistant 
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manager of the Westinghouse Air Brake Co. in 1898. 
A few years later he was promoted to general manager, 
which was rapidly followed by his election as vice-presi- 
dent and director. In 1905 Mr. Herr resigned from his 
official connection with the Air Brake Co. to assume 
the position of vice-president with the Westinghouse 
Electric & Manufacturing Co., taking full active charge 
of the manufacturing and commercial operations. 
August 1, 1911, by unanimous vote, Mr. Herr was 
elected president, succeeding Edwin F. Atkins of Bos- 
ton, who had requested that he be relieved. And ever 
since his able leadership has been one of the salient 
forces in the success of that company. 

In speaking of his close association with Mr. Herr 
over a period of six years, Vice-President L. A. Osborne 
said: 

‘‘Mr. Herr’s keen sense of duty is one of his most 
prominent characteristics; his devotion to work is a 
tradition among Westinghouse employes; hours count 
for nothing if they can be devoted to the upbuilding 
of the interests of the company. He is among the 
earliest at work in the morning and of the last to leave 
at night and the intervening day’s work is devoted sys- 
tematically and continuously to constructive work. He 
seems to have an unusual degree of the proper balance 
between the important and the unimportant, and yet 
no details are to complex for him to master, if in his 
judgment it is important that he should do so.’’ 

Another important and admirable feature of Mr. 
Herr’s personality is his absolute command over him- 
self. In the face of most trying situations he has never 
been known to display impatience or temper. His keen 
sense of humor in detecting the ridiculous side of a 
question has often been the saving grace in relieving 
the strain of what would otherwise have been an un- 
pleasant or embarrassing situation. He not only sees 
the humor in the affairs of others, but will laugh as 
heartily when the joke is on himself. 

Mr. Herr, by his ability and through his wide expe- 
rience in the world of industry, is a master psycholo- 
gist, realizing the positive need for fairness of purpose 
in dealing between man and man. He has done much 
for the higher education of young men and for the 
general uplift of the workers. 

Beyond question, Mr. Herr’s greatest achievement 
is his contribution to the scientific world in the con- 
structive work he has done in helping to develop the 
electrical industry to the high standard it holds today. 

Poison gas, liquid fire, shrapnel, explosive shells, 
machine guns, rifle bullets, bayonets and men that 
fought like demons, showed no sign of the presence of 
the unseen force of electricity. Yet were it not for elec- 
tricity and man’s control of its use, these forces of 
victory had not been. 

Electrically driven machine tools made possible what 
human sweat and muscle never could have accomplished. 
Unheard of tons of steel have been required, and those 
best able to judge have said that without electric drive 
to speed production in the mills we should have fallen 
short. Of these things, some were doubtless made by 
steam power unaided; but where production was the 
swiftest and therefore the most effective, electric drive 
was responsible. The chemicals that speeded the shells 
on their way, that burst the shell to fragments, that 
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made the very air untenable for the foe, owed their 
production in the tremendous quantities required io 
electricity. Electrochemical processes fashioned some, 
electric drive furnished the controllable mechanical 
power for making others. 

In its gentler aspects, electricity appeared even on 
the field of battle, guiding armies, battalions, even in- 
dividual shells. The airman, by his wireless telephone 
and telegraph, guided the gunner far to the rear who 
otherwise would have been blind. The commander 
watched through his wire and wireless network the 
progress of his fighting units miles away, kept them cor- 
related into one vast machine that acted as a whole, 
not as a multitude of unrelated parts. 

Billions on billions of electric sparks daily ignited 
the cylinder charges of motor trucks, lorries, airplanes, 


motor cars, motorcycles and the victorious tanks. With- 


out electricity for ignition these engines would have 
been unheard of. Electric light in battlefield search- 
lights patrolled the sky. Within the busy plants men 
worked through long hours of night as swiftly as by day, 
because electric illumination was at hand. 

Mr. Herr has been one of the strong forces in bring- 
ing the scientific engineer into his own among the fore. 
most professions of the world. 

During an address on ‘‘ Personal Reminiscences’’ de- 
livered before the young men of the. Westinghouse Club, 
Mr. Herr told of the following incident which occurred 
during the early days of his railroad experiences. 

‘*T had just been appointed to take charge of the St. 
Louis Division of the Chicago, Burlington and Quincy 
Railroad,’’ said Mr. Herr, ‘‘and called upon my imme- 
diate superior, under whom I worked many years, to 
talk over the situation and also to get my bearings. | 
knew him to be a very able, shrewd man, who had made 
an intensive study of railroad problems. We chatted, 
and in fact, had a pleasant time together. Finally I 
arose to go, and asked him if he had any specific instruc- 
tions to give me, to which he replied: ‘Well, Mr. Herr, 
I have only this one piece of advice to give you. The 
road is running there now—don’t stop it until you are 
sure you can start it again.’ ”’ 

*‘T have never forgotten the great truth suggested 
in his advice,’’ said Mr. Herr. ‘‘It was the best piece 
of advice I ever received. Frequently men who take 
charge of a place, hinder its progress by immediately 
discharging experienced men, putting in new systems. 
and otherwise upsetting things, so as to receive little or 
no co-operation from employes, and in addition making 
themselves generally disliked. To make men feel that 
they are ‘making good’ in their work is fundamental 
for best results and the most stimulating of human 
experiences. ”’ 

But with all the infinite duties of his office as chief 
executive of a great manufacturing company, Mr. Herr 
finds time for the social side of life and also finds much 
pleasure in a spirited game of tennis or golf. He is a 
connoisseur of fine etchings, oriental tapestry and rugs, 
of which he possesses some of the rarest specimens. 

Mr. Herr’s successful career should be an incentive 
to the young men of his profession to follow his example. 
It should serve as an incentive from which to follow his 
lead onward to the very apex of ambition up to where 
the ‘‘Light lingers even after the sun is down.”’ 
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Reliability of Large Turbines 


IGNIFICANT in the development of the electric 
power industry is the concentration of generating 
capacity. This is favored, first, by growth of indus- 

trial load, which centers about the cities, and second 
by the economic advantages of the large central station 
over the smaller one. At the present time there are six 
districts in the United States in which the maximum 
sustained peak load on all companies is above 150,000 
kw. and one of these has a peak of 800,000 kw. These 
large and growing loads have put it up to the manufac- 
turers to design generating units with regard to their 
full-load characteristics, and without limitations of size. 
With the rapid increase of size there has been a feeling 
in some quarters that the limits of good practice have 
been exceeded, and that safety and reliability had been 
sacrificed for economy. 

That such is not the case, has been shown in a paper 
recently presented before the American Society of Me- 
chanical Engineers by J. F. Johnson, engineer of the 
turbine department of a prominent manufacturer. Ten 





Fic. 1. 35,000 KW. TURBINE INSTALLED AT NORTHWEST 
STATION OF COMMONWEALTH EDISON CO. 


machines of this company’s make, from 30,000 to 70,000 
kw. capacity, are now in service and have been in use for 
periods of from 1 to 5 yr. Their performance removes 
any doubt of the commercial practicability of such large 
units. 

Three machines, of identical design, were installed in 
the East 74th St. power house of the Interborough 
Rapid Transit Co. in the years 1914-1915. They are 
rated at 30,000 kw. each and are of the two-cylinder 
cross-compound pure reaction type, the high pressure 
operating at 1500 r.p.m. with steam at 205 lb. and 120 
deg. superheat, and the low pressure at 750 r.p.m. ex- 
hausting into a 29-in. vacuum. Two units have had no 
trouble of any sort and have been out of service only 
for periodical inspection and maintenance. On the 
reimaining machine the labyrinth packing on the balance 
pistons of the high-pressure element has failed three 
times, requiring renewals of some parts. Investigation 
finally showed excessive lost motion in the thrust bearing 
and heavy distorting stresses, due to rigid bracing of 
the steam pipe near the turbine. 

Another 30,000-kw. unit, installed in the Northwest 
Station of the Commonwealth Edison Co. of Chicago in 
September, 1917, consists of a tandem compound, pure 


POWER PLANT 
ENGINEERING 319 


reaction type of turbine operating at 1200 r.p.m. with 220 
lb. steam pressure, 200 deg. superheat, and 29-in. 
vacuum. After being in service a few hours the laby- 
rinth packing on the low-pressure element failed, due to 
rigid piping between the two surface condensers, which 
prevented them from moving with the turbine casing, to 
which they are bolted. Temporary local repairs were 
made and the unit put into service. No further trouble, 
save a cracked expansion joint, has developed, and on one 
run the unit was in service for 71 days, being taken off 
the line only to clean the condensers. 

At the Brunot’s Island station of the Duquesne Light 
Co. a 40,000 kw. cross-compound machine has been in 
service since December, 1917. The high-pressure ele- 
ment operates at 1800 r.p.m. and the low-pressure ele- 
ment at 1200 r.p.m. This unit has been carrying loads 
of 30,000 to 40,000 kw. with peaks as high as 50,000 kw. 
In February the main bearing at the coupling end of 
the high-pressure turbine burned out, apparently due to 
interruption of its oil supply. This let the spindle down 
sufficiently to cause rather heavy blade rubs throughout 
the machine. After rebabbiting the bearing, the ma- 
chine was put back into service, the only other work 
being rechecking clearances and placing a balance weight 
on the spindle to correct for weight rubbed off the blades. 





FIG. 2. DUQUESNE LIGHT CO. 40,000-KW. TURBINE 
GENERATOR 


In July the generator was damaged by electrical trouble, 
and while this was being repaired, both elements of the 
turbine were dismantled, and a small amount of dam- 
aged blading was replaced. 

Another unit, practically a duplicate of the preced- 
ing, but rated at 45,000 kw. was placed in service in 
the Providence plant of the Narragansett Electric Light 
Co. in January, 1918. Due to improper initial adjust- 
ment the labyrinth packing on. the high-pressure ele- 
ment was damaged, requiring temporary repairs. Later, 
the couplings were distorted slightly by a series of vio- 
lent short-circuits, together with defective workman- 
ship in fitting the coupling keys. Permanent repairs to 
the packing have been completed, but the old couplings 
are still operating satisfactorily without signs of dis- 
tress. Loads on this machine run as low as 5000 kw. and 
on peaks it carries 50,000 kw. for 5 min. 

Largest of all is a 70,000-kw. three-cylinder machine, 
installed in the East 74th St. Station of the Interbor- 
ough Rapid Transit Co. One low-pressure element was 
cut in on April 18, 1918, on high-pressure steam. The 
high-pressure element was put in service Aug. 21, and 
the second low-pressure on Oct. 9. On the first low- 
pressure element, lack of sufficient clearance on one 
spindle ring caused distortion and some intermittent vi- 
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bration. Later a few defective blades on the second low- 
pressure machine were replaced. The automatic de- 
vices for cutting out a defective element without dis- 
turbing the other two have been tried out with great 
success. This machine has carried loads of 55,000 kw. 
with swings up to 61,000 kw. 

While these records do not show 100 per cent in all 
respects, they do show that in no instance has there 
been any evidence of basic defects in design, or inherent 
difficulties in operation. Troubles have all been of minor 
character, due to avoidable defects in details, such as 
are found in new apparatus of any sort or size. Satis- 
factory performance of these units has been due to the 
designers’ insistence that reliability and general opera- 
tive excellence should come first, efficiency second and 
cost third. 


Estimating Hardness in Water 


By Mark MEREDITH 


HE amounts of reagents required for softening wa- 
ter by the lime-sodium carbonate and lime-sodium 
hydroxide methods may be ealeulated from the 

total hardness and the carbonate-hardness, non-carbon- 
ate hardness, and magnesia hardness, respectively. In 
determining the total hardness by Blacher’s method with 
potassium palmitate solution, according to H. Noll, zine 
and iron do not interfere with the process, as stated by 
Zink and Hollandt, provided they are first precipitated 
by means of sodium hydroxide. 

The carbonate hardness is determined by titrating 
the water with standard acid, with methyl orange as in- 
dicator, and the magnesian hardness by the following 
modification of the method of Froboese—100c.c. of the 
water is rendered neutral to methyl orange with hydro- 
chlorie acid, then boiled for 10 min., treated with 5ce.c. 
of a saturated solution of sodium oxalate, and again 
boiled for 1 to 2 min. After the precipitate has sub- 
sided, the liquid is titrated with N 10 potassium pal- 
mitrate solution with phenolphthalein as indicator. The 
number of cubic centimeters required multiplied by 2.8 
gives the magnesian hardness in German degrees (one 
German degree—40 mgrms. CaO per 100¢e.c.). The ecar- 
bonate hardness multiplied by 10 gives the amount of 
lime in mgrms. per litre of water required to convert 
bicarbonates into carbonates, while-the magnesian hard- 
ness multiplied by 10 gives the amount of lime (mgrms. 
per litre) required to convert the magnesian carbonate 
into hydroxide and magnesium chloride and sulphate 
into the corresponding calcium salts. The non-carbonate 
hardness multiplied by 19 gives the amount of sodium 
carbonate required (mgrms. per litre), but in practice it 
is necessary to add an additional 10 to 20 per cent. As 
a rule, water rich in salts requires a smaller excess 
than a water containing a small amount of salts. The 
same data are used for calculating the amounts of re- 
agents required for the lime-sodium hydroxides process. 

In the case of a water in which the carbonate-hardness, 
excluding magnesian hardness, is greater than the non- 
earbonate hardness, the latter multiplied by 14.3 gives 
the mgrms. of sodium hydroxide required per litre, while 
the sum of the carbonate and magnesian hardness, less 
the non-carbonate hardness, multiplied by 10 gives the 
amount of lime required. To give the necessary excess 


April 1, 1919 


of sodium carbonate the amount of sodium hydroxide 
should be increased and that of the lime reduced by 
quantities corresponding with 1 deg. of hardness, and 
for this purpose sodium carbonate must be added to 
waters in which the carbonate-hardness does not exceed 
the non-carbonate-hardness by at least 1 deg. Where 
the combined hardness due to carbonates and magne- 
sium salts is greater than the non-carbonate-hardness, 
while the carbonate-hardness is equal to or less than the 
non-carbonate-hardness, the amount of sodium hydroxide 
required is obtained by multiplying the non-carbonate 
hardness by 14.3, and the lime by subtracting the non- 
earbonate-hardness from the sum of the carbonate and 
magnesian hardness and multiplying by 10. In the pres- 
ence of magnesium bicarbonate in waters of this type, 
sodium carbonate should be added in a proportion cor- 
responding with 1 deg. (19 mgrms. per litre). 

In the case of waters in which the combined carbon- 
ate and magnesian hardness is equal to the non-carbon- 
ate hardness, the latter multiplied by 14.3 gives the re- 
quired amount of sodium hydroxide. In this case no 
lime is required and an excess of sodium carbonate must 
be added to the water. In the case of waters in which 
the combined carbonate and magnesian hardness is less 
than the non-carbonate-hardness, the sum of the car- 
bonatt and magnesian hardness multiplied by 14.3 gives 
the sodium hydroxide; the carbonate plus the magnesian 
hardness, less the non-carbonate hardness, multiplied by 
19 gives the required amount of sodium carbonate. For 
softening alkaline water lime only is required. 


Standard Blowoff Valves 


ANUFACTURERS of blowoff valves held a meet- 
ing recently in New York in an effort to reach 
an agreement on standardizing their product s0 

as to do away with freak requirements and simplify man- 
ufacture and supply of repairs. 

As a result, several recommendations were made. 
First, that nothing smaller than 1-in. nor larger than 
214-in. is to be made for bottom blowoffs, in accordance 
with the A. S. M. E. Boiler Code. For intermediate 
sizes, 114-in. and 2-in. only are to be made. 

Second, for power boilers up to 250 lb. only extra 
heavy pattern valves are to be used, the 1-in. with 
serewed connections, 114 and 2-in. screwed or flanged, 
214-in. flanged only; flanged connections are to be pre- 
ferred for the 114 and 2-in. sizes. 

These recommendations, when agreed upon by all 
manufacturers, are to be submitted to the Industry Com- 
mittee on Valves and Pipe Fittings for approval. 


Warming 
WHEN any person or company tries to get you to 
exchange your Liberty Loan Bonds for any other stock 
or security, it is probable that he is a swindler, and it 
is certain that he is working for his own benefit, not 
for yours. Mail his name and address and any letters 
or circulars he may have sent to the Federal Trade 

Commission, Washington, D. C. 


ABRAHAM LINCOLN said: ‘‘Answer with facts, not 


arguments.’’ Don’t argue about your patriotism. The 
war job has to be finished. Buy Thrift and War Sav- 


ings Stamps. 
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A Study of Dynamo Electric Machinery---I 


Units oF CuRRENT AND ELEcCTROMOTIVE Force; CREATION OF ELEC- 
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TROMOTIVE Force AND Factors INvouvep. By OrromMar H. HENSCHEL 


LOW of electricity is referred to as electric current, 
the unit of measurement of which is the ampere, 
ordinarily designated by the letter I and defined 
as ‘‘the practical equivalent of the unvarying current 
which, when passed through a solution of nitrate of 
silver in water, in accordance to standard specifica- 
tions, deposits silver at the rate of 0.001,118 gram per 
second.’’ It is the current that will flow through a 
conductor having a resistance of 1 ohm, that is the 
resistance at a temperature of 0 deg. C. (32 deg. F.) 
of a column of mercury 314 ft. long and having a cross- 
sectional area of 0.0015 sq. in., and a difference of po- 
tential of 1 volt between its ends. The instrument 
ordinarily used for the measurement of current flow 
is the ammeter. 
As in the ease of water, or in fact any fluid, cireu- 
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FIG. 1. ILLUSTRATING MEANS EMPLOYED IN DETERMINATION 
OF UNIT CURRENT AND UNIT ELECTROMOTIVE FORCE 


lation or flow of electricity, can only be established and 
maintained by the application of a force or a pressure 
which, in the parlance of electrical engineering, is gen- 
erally referred to as electromotive force or voltage, and 
ordinarily designated by the letter E. The unit of 
such electromotive force is the volt, that intensity of 
pressure, which, when steadily applied to a conductor 
having a resistance of 1 ohm, will establish and main- 
tain a flow of 1 amp. of current. 

In practically all commercial work, the instrument 
employed for the measurement of voltage is the volt- 
meter; for the finer degrees of measurement the milli- 
voltmeter is used. 

From the above statements, relative to the values 
of unit current and unit electromotive force, it is evi- 
dent that a definite relation must exist between the 


resistance of a conductor, the current flowing through 
it and the applied voltage. This relationship (Ohm’s 
law) is that the current flow in amperes is equal to the 
electromotive force in volts, divided by the resistance 
in ohms, which, if we represent the current flow by I, 
the electromotive force by E, and the resistance by R, 
may be expressed by this formula: 


I~E—R. 
Or, transposing we may have 

E=IXR 
and R=E-—I 


if knowing the value of the electromotive foree and 
current we desire to solve for R. 


POWER 


IN ELECTRICAL ENGINEERING the unit of power is the 
watt, the rate at which work is done when a current 
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FIG. 2. HOW ELECTROMOTIVE FORCES ARE CREATED 


flow of 1 amp. is maintained under an electromotive 
force of 1 volt. Numerically power in watts is equiva- 
lent to the product of the instantaneous values of elec- 
tromotive force and current, and generally for sake of 
convenience is expressed in kilowatts (1000 watts). If, 
therefore, we let W represent the number of watts and 
E and I respectively the values of the electromotive 
force and current, we have, W=E XI or, with W’ rep- 
resenting kilowatts, W’=(EXI)—1000. 

Seven hundred and forty-six watts are equivalent 
to one electrical horsepower. 


CREATION OF ELECTROMOTIVE FORCE 


GENERATION of electromotive foree may be accom- 
plished by means of thermocouples, by chemical reac- 
tions in batteries or by electromagnetic induction, the 
principle underlying the operation of all dynamo elec- 
tric machinery. 
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If by means of the hand an electrical conductor is, 
as shown in Fig. 2, caused to move perpendicular to a 
magnetic field, that is, caused to ‘‘cut’’ or ‘‘shear’’ the 
magnetic lines of force* emanating from one of the 
poles of a magnet, a difference of electric potential will 
be made to exist across the terminals of the conductor. 
Employing the arrangement shown in Fig. 3, whereby 
the conductor is made to pass across the magnetic field 
between the poles N and S, but by means of the slotted 
insulated metallic upright guides A A carried in its 
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METHOD EMPLOYED TO DEMONSTRATE PRINCIPLE OF 
ELECTROMAGNETIC INDUCTION 


FIG. 3. 


downward movement to be in electrical contact with 
voltmeter V, this difference of potential will, due to 
the completed electric circuit, establish a momentary 
flow of current, as indicated by the deflection of the 
instrument needle. 

Intensity of electromotive force or value of voltage 
thus created, is dependent upon three factors, the 
strength of the magnetic field, the number of conduc- 
tors cutting this field and the velocity of travel of the 
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FIG, 4. APPLICATION OF FLEMING’S RULE 


conductor or conductors. Varying anyone or all of 
these factors will result in a proportionate variation 
of the electromotive force. 

Knowing the direction of travel of the conductor 
and the direction of the magnetic lines of force, the 
direction of the electromotive force may be readily 
determined by the application of Fleming’s rule. Ex- 
tend the thumb, the first finger and the middle finger 
of the right hand so as to bring them at right angles 
to one another. Then, with the hand held in a position 
causing the thumb to point in the direction of motion of 
the conductor, and the first finger in the direction of 


*The magnetic line of force, the unit of magnetic flux or quantity 
of magnetism will be defined and discussed in the following install- 
ment of this series. 
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the magnetic flux, the middle finger will point in tie 
direction of the induced electromotive force. 
The principle of this is illustrated in Fig. 4. 


THE ELEMENTARY GENERATOR 


PracticaL application of the principles of electro- 
magnetic induction, may perhaps, be more readily un- 
derstood from a study of the elementary electric gener- 
ator. Shown in Fig. 5, are the two poles, N and §, of 
a magnet so arranged and with faces of such form as 
to allow revolving between them, a coil CC’ mounted 
on shaft sh and connected as indicated to two collector 
rings R.R, also carried by shaft sh. Bearing upon each 
of the collector rings, are brushes B and B joined by 
suitable conductors to voltmeter V. 

With shaft sh set in rotation, coil CC’ will revolve, 
and in doing so, will cut or shear the magnetic lines of 
force, passing from pole N to pole S, thereby creating 
an electromotive force, which will vary in degree of 
intensity and direction, according to the rate of rota- 
tion (or the rate at which the magnetic lines of force 
are being cut) and the direction of rotation of the con- 
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FIG. 5, THE ELEMENTARY ELECTRIC GENERATOR 


ductors with reference to the direction of the magnetic 
lines of force. 

As the coil passes through a vertical plane, no mag- 
netic lines of force are being eut, and as a consequence, 
no electromotive force is induced. However, as con- 
ductors C and C’ pass out of the vertical plane, mag- 
netic flux is encountered, which in relation to the posi- 
tion of the conductors, increases in intensity, until a 
horizontal plane is reached where the maximum num- 
ber of lines of force are being cut, and a corresponding 
maximum electromotive force created. Further rota- 
tion of the coil brings conductors C and C’ through a 
decreasing magnetic field, which in turn results in a 
decreasing electromotive force. 

After again passing through the vertical plane, thie 
conductors encounter an increasing magnetic field, and 
while the resulting electromotive force as before, first 
increases and then decreases in intensity, the direction 
of this electromotive force, due to the change in direc- 
tion of motion of the conductor relative to the direc- 
tion of the magnetic lines of force is changed. 

Connecting voltmeter V as shown, and plotting the 
readings of this instrument as the coil revolves, will 
provide a curve similar to that produced in Fig. 5. 
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With the conductors leaving the vertical plane, the 
electromotive force will gradually rise until the maxi- 
mum magnetic flux is being cut, when the electromotive 
force will reach a maximum value and decrease as the 
coil again moves towards the vertical plane. Upon reach- 
ing this, the electromotive force will again be zero, only, 
however, to increase, but in the opposite direction, as 
the coil continues to move toward the other horizontal 
plane, after which the electromotive force will decrease 
assuming a zero value upon reaching the vertical plane. 


This explains the principle of operation of the elec- 


“trie generator and particularly so the alternating-cur- 


rent machine. 


CALCULATION OF ELECTROMOTIVE FORCE 


WHEN an electric conductor moves across a magnetic 
field at such a rate as to cut 100,000,000 lines of force 
per second it will have induced within it an electromo- 
tive force of 1 volt. If, therefore, two conductors con- 
nected in series are caused to cut 200,000,000 magnetic 
lines of force per second, or if four conductors connect- 
ed in series, cut 100,000,000 lines per second, the in- 
duced electromotive force will in each case, equal 4 
volts. 

With E representing the value of the average num- 
ber of volts induced, F the total number of magnetic 
lines of force cut, Z the number of conductors in series 
and N the number of revolutions made per minute by 
each conductor, the value of E may be determined by 
the following formula: 

F Z N- (100,000,000 60) 


(To be continued) 


Direct Current Motor Field 


CONNECTIONS OF A Direct CuRRENT Motor FIELD 
WiTH INTERPOLES AND COMPENSATING WINDING 


IRECT-CURRENT machines are more apt to give 

trouble than alternating-current machines due to 

the fact that there are more parts to the d. e. 
machine than to the a. ec. 


Fig. 2. MAIN OR SHUNT FIELD COILS AND INTERPOLE PIECE 


The field structure of the G. E. Type R. F. adjust- 
able speed motor looks rather complicated for the power 
plant man, as it has interpoles and is entirely different 
in construction from the ordinary shunt motor. Figure 
1 shows the magnet frame construction and arrange- 
ment of pole pieces. 
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If for any reason, any of the field windings must 
be taken out and repaired, the compensating coils must 
be taken out first, then the interpoles or the main field 
poles can be taken out. In rewinding the field coils, 
eare must be exercised to make them as neat as possible 


FIG. 1. MAGNET FRAME STRUCTURE AND ARRANGEMENT OF 
POLE PIECES 


and to bring out the leads in the proper places so as to 
make all connections on one side of the field structure. 
The commutating coils are usually wound with heavy 
wire, or ribbon on a copper box that fits over the pole 
piece. The leads are brought out top and bottom on 
opposite sides of the same end of the coil. It is best 
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FIG. 3. COMPENSATING COIL INSERTION AFTER ALL OTHER 
COILS ARE PUT IN PLACE 


to start winding all coils on the same side and finish 
the same way. The form for winding the interpoles is 
made up in two pieces as shown in Fig. 5, so that the 
form can be driven out without disturbing the wind- 
ings. The shunt or main field coils are wound on alum- 
inum spools and must be made to fit as neatly as possible. 
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Compensating coils are made on the order of arma- 
ture coils; they must be made the right size, otherwise 
it will be found difficult to place them in the slots. 
When all the coils are made, the interpoles are the first 
ones to be put back in place; next come the main field 
coils and then the compensating coils; care being exer- 
cised to place the compensating coils with winding in 


“}- 























FIG. 4. ALTERNATING CONNECTIONS OF INTERPOLE AND 
COMPENSATING COILS, POLARITY OF INTERPOLES AND 
COMPENSATING COILS IN RELATION TO ROTATION 
AND MAIN FIELD, CONNECTIONS OF MOTOR 
FIELD COMPLETE 


the same direction as the interpoles. Figure 3 shows 
a compensating coil in progress of insertion. Figure 2 
shows one of the main field or shunt coils in aluminum 
spool and one interpole coil completed with its pole piece. 

In connecting up, the connections of the interpoles 
and compensating coils are formed alternately as shown 


FIG. 5. FORM FOR WINDING INTERPOLE COILS 


in Fig. 4. These are connected in series with the arma- 
ture. The main field poles are connected so as to form 
north and south poles, meaning, that if pole No. 1 is 
north, the next one should be south, ete. The relation 
of polarity between the main poles and the interpoles 
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and compensating coils, depends on the direction of 
rotation. If the motor runs clockwise facing commu- 
tator, the polarity of the interpole and compensating 
winding should be the same as that of the main pole 
directly back of it as illustrated in Fig. 4, which also 
shows the field windings complete, of a motor with com- 
pensating coils and interpoles. 


Submersible Motors 


T can hardly be doubted but that the raising of ships 
sunk during the war, and not merely the salvage 
by divers of valuable items of cargo, will constitute a 

profitable field of activity, and that many attempts will 
be made to put into service ships now lying on the 
ocean bed. There are two highly important factors 
which enter into the general project of raising a ship- 
wreck, and modern developments should render success 
much more likely in the future than it has been in the 
past. The first of these factors is the diver, and in this 
connection it may be remarked that such great improve- 
ments have recently been made in diving apparatus that 
it is now possible for a diver to operate for a limited 
time at as great a depth as 300 ft. below the surface of 
the water. The other factor is the pumping apparatus. 
It cannot be denied that most of the modern salvage 
exploits have owed much of their success to the state 
of perfection to which pumping appliances have been 
brought during the past decade or so, and one of the 
greatest of these advances is the application of electri- 
city to the driving of submerged electric motors for 
driving pumps or for operating portable drills and other 
tools under water. 

For many years past, efforts have been made to en- 
close motors in different types of casings, so as to make 
them perfectly water tight and at the same time air 
tight, but these efforts have not been successful owing 
to the fact that the heat generated in the motor has 
tended to destroy the insulation of the windings. An 
electric motor has now been produced that can be satis- 
factorily worked under water, even after having been 
flooded with water for any length of time; in fact, the 
action of the water is beneficial rather than otherwise, 
since it is used to keep the motor cool and to increase its 
capacity. These motors are made in England, and by 
a new process of insulation the windings are made to 
withstand completely continuous immersion in water. 
There are no glands or other details which are likely to 
give trouble, and the motor starts while submerged 
without the slightest hitch. 

In combination with a suitable centrifugal pump, 
the submersible motor opens up possibilities in salvage 
work such as have not hitherto been contemplated, and 
to meet the demand for such a combination, the manu- 
facturers have designed a combined submersible electric 
motor and centrifugal pump the only moving part of 
which is a shaft carrying the armature of the motor and 
the impeller of the pump. The whole arrangement is 
very compact and can be readily lowered down to any 
part of a submerged vessel, placed in position by a diver 
and worked from the generators on the salvage vessel 
whether alongside or from any distance away, the elec- 
trie current being supplied through a flexible cable. In 
many cases it is only necessary to suspend the pumps 
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from the salvage vessel’s derricks and lower into the 
water without coupling up any suction pipes. Pumping 
can be immediately commenced after the length of de- 
livery hose is attached, the whole operation being car- 
ried out very quickly. The 4-in. standard combined 
motor and centrifugal pump is capable of delivering 
100 tons of water per hour against a manometric head 
of 75 ft. 

The enormous increase in the size of the modern 
liner has placed it beyond the capabilities of the lift 
of the ordinary portable steam or other pumping ma- 
chinery. Taking as an example the case of a large 
vessel stranded on a rocky coast, exposed to sea and 
full of water from end to end. It would involve dupli- 
eate sets of ordinary pumping plant, with the risk of 
their being easily damaged on the first approach of 
bad weather. Submersible motor pumps could be low- 
ered down to any decks below water, placed in position 
by the diver, and worked from the generators of the 
salvage steamer. In the event of bad weather coming 
on, it is only necessary to disconnect the wires, and the 
pumps, being under water, well down in the hold of 
the ship, are in comparative safety, and can be started 
again immediately the weather moderates, by again con- 
necting up the wires. 

In cases where it is not possible to obtain a suitable 
supply of electricity for working the submersible motor 
pumps a specially enclosed waterproof portable electric 
generator, driven by paraffin oil engines, for placing on 
board a wreck is supplied. These machines being of the 
enclosed ventilated type with two port holes and igni- 
tion covers, can be closed up if the weather becomes too 
bad to continue working the plant, and can then be left 
on deck until the weather moderates. In addition to 
working the submersible motor pumps, the portable gen- 
erator is also used for lighting, thus enabling operations 
to be carried on night and day; further, it can be used 
for working any tools, such as drills, ete., driven by 
submersible motors, which are frequently required dur- 
ing salvage operation. 

It.is worthy of mention that among the users of 
these submersible motor electric pumps is the Liver- 
pool Salvage Association. 

The submersible motor is, however, capable of being 
applied to another field of activity, other than that of 
salvage work, and that is as an aid in the prevention of 
a ship sinking when from any cause water is rushing 
into any part of the interior of the vessel. It is now 
universally recognized that the electric lighting of a 
vessel in an emergency should not depend upon the 
supply of steam from the main boilers. Many instances 
have occurred—especially during the period of the war 
—where passenger steamers and cargo vessels have re- 
ceived injury resulting in the flooding of the engine 
room and stokehold, and in consequence the electric 
lighting has failed. The absence of light has not only 
proved a serious drawback to the lowering of the boats, 
but has also created a panic among passengers and 
crew. These risks are largely eliminated by the pro- 
vision of an emergency dynamo situated somewhere 
on the upper deck. Similarly it is of equal importance 
that the problem of pumping should not depend on the 
Steam from the boilers or on the ordinary engine-room 
pumps. It is a fact that is not generally remembered 
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that once a compartment of a vessel is filled to the level 
of the water outside, collision mats or other devices are 
of no possible good unless the ship pumps can be kept 
working in order to create a suction. Hence it is advis- 
able to fit electrically-driven pumps, the power for which 
can be obtained from the emergency dynamo. A sub- 
mersible motor in combination with a suitable sized cen- 
trifugal pump could be placed in every main compart- 
ment of the vessel, and then, should an accident lead 
to the flooding of this compartment, the pump in this 
compartment could be started at once, although under 
water. The system adopted on many ships of installing 
ordinary electric emergency pumps with long suction 
pipes is easily rendered inoperative through an air leak 
in the suction pipe, which is liable to occur in any acci- 
dent, and when such motors are flooded they become 
useless. The submersible motor pump, being placed at 
the lowest level, needs no suction piping, as it works 
submerged advantageously. This is a great improvement 
on present methods, but there is the much more impor- 
tant item to consider, viz., that if the pumps can be 
kept working to create a suction, anything in the shape 
of beds, blankets, oakum, sacks, ete., can be hauled under 
the ship in the vicinity of the opening, and will find their 
way into the hole and in all probability stop the leak. 

For electric boat hoists, winches, capstans and anchor 
windlasses, the submersible motor is claimed to give 
satisfactory results. In many cases the ordinary types 
of motors have been found very unreliable in their be- 
havior on account of the corrosive influences of the 
sea air and sea spray, and it must be obvious that a 
motor which can be employed with reliability under 
water or exposed to adverse weather conditions is capa- 
ble of a wide and varied application. 


An Outbreak in a Power Plant 


EVOLUTIONS being the natural thing in a power 
R plant, and outbreaks being the fashion in indus- 
tries, it is not surprising to learn of an indigna- 

tion meeting held in one of our great plants recently. 

Some of the Turbines and Dynamos with the Pistons 
and Rods got together and talked over their grievances. 
One Dynamo, pointing a foot toward the Flywheel, said: 
‘‘Why should we all go on getting all hot and working 
hard to make electricity for the world when that idle 
Flywheel does nothing but whirl around on his shaft? 
We, who produce the power, should get all the credit 
and attention and eare. Look at him. He sticks up 
above everything else. Everybody sees him and talks 
about him. He takes up room and gets painted and 
fussed over, but he’s absolutely useless.’’ 

Then the Turbine joined in with his shrill voice: 
‘‘Yon’re right, Mr. Dynamo; that Flywheel belongs to 
the bourgeoisie. He’s never made a watt or a horse- 
power in the 19 yr. he’s been in this plant. I’ve watched 
him carefully. He never hurries or gets heated. He 
just goes round and round. He’s kept all polished up, 
and looks dignified, and doesn’t work at all; while I’m 
grinding away night and day, chewing up 150-lb. steam 
and turning out light and power. It isn’t fair that 
guy should get away with it and ride all day on the 
shaft that you fellows work to keep turning.’’ 

Up spoke the Piston Rod: ‘‘You said something, 
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Brother Turbine. I’ve had-my eye on that fellow too. 
It’s time for a readjustment and a showdown. I’m sick 
and tired of this deal where some of us do all the work 
and others have their photographs taken and get talked 
about. That non-producer ought to be shown up in his 
true colors. This is a power plant, and those who don’t 
make power haven’t any place here. We ought to think 
this over and have another meeting to do something 
about it.’’ 

The Steampipe broke out with great heat then: ‘‘I 
am with you, boys. That Flywheel does nothing but 
sponge on us who do the real work. He never gets 
sweaty or dirty. He ought to lose his privileges and be 
thrown out in the scrap pile, where all non-producers 
belong. He’s got iron enough to make a 10-in. pipe a 
mile long, and it’s a sin to have all that idle metal going 
on in a continuous joy ride without helping us to make 
power. Power making is a great and important work 
for the world and every fellow who’s in a plant ought 
to have to be in on the rough grind of making it. Any- 
body who knows anything about economics or ethics or 
sociology or socialism can see that a fellow who uses up 
a lot of space and oil and pressure that we need is a 
waster. He’s a robber; that’s what he is, and the day 
of the idle plutocrat is going to close. We fellows create 
all the power in this plant, and we should realize it, 
and not let ourselves be exploited and our means of 
livelihood stolen by an idler who does nothing. Let’s 
stand firm and protect our interests. I’m tired of car- 
rying steam just to help that great bunch of iron roll 
around days and nights, and no good to anybody. Here 
I carry steam 24 hr. a day with never a chance to cool 
off or rest; and what does he do? Sleeps half the time 
and joy rides the rest. I’m sick of it. Let’s put him 
out.’’ 

‘Good for you,’’ spoke up a boiler. ‘‘I’ve been here 
26 yr. and I agree. It’s about time we had a little 
democracy and recognition of real merit in this power 
plant. I’ve been here longer than he has. And look 
how I’ve strained my sides slaving just to show him a 
good time. I could have rested a lot of times only I 
had to stay at work just to keep him going. He robs me 
of a big percentage of what I produce, so I have to 
work a lot harder to get along. We real workers should 
wake up. This plant should prove its sincerity and de- 
sire for democracy and liberty. We must oust this non- 
producer, so we can come into our own. Why don’t 
we boyeott that Flywheel and refuse to work for him 
any longer. He stays in a nice, clean, cool room, while 
I sweat in coal and ashes all day here where there’s no 
sunlight or air, and where it’s always hot. He gets all 
the comfort, and I get all the drudgery.’’ 

So the turbine and dynamo and piston rod and 
steam pipe and boiler decided to organize and talked 
about a name. They couldn’t agree so they adjourned 
for a later meeting. 

Ry that time their ideas had grown, and they decided 
to start a movement to make war on all the flywheels of 
the world. And they organized the ‘‘ International Power 
Producers Soviet.’’ They chose red as their emblem and 
‘‘Down with all idlers’’ as their battle cry. 

They decided to hold a parade to arouse the other 
plants; but just as they were starting out, a steady 
voice spoke up from behind the engine. ‘‘Boys, wait 
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a minute. I want to talk to you.’’ It was the governor 
speaking, and the ‘‘reds’’ stopped to listen, for they 
had always had some respect for him. They had heard 
that if he quit, the whole plant would likely be wrecked 
and they would all be out of a job for good. So they 
waited to hear him. 

He went on: ‘‘Go easy, boys. Don’t forget there are 
outlaws known as ‘dead center’ and ‘sudden peaks’ 
that can break in here and make tremendous trouble. 
It’s Flywheel who keeps them in order. If it wasn’t 
for him, ‘dead center’ would hold us up so we couldn’t 
start up; and if Flywheel wasn’t on guard ‘sudden 
peaks’ would break in with his gang of heavy loads 
and we couldn’t withstand him. Then we’d lose our 
jobs, for our outside customers would leave us, and there 
wouldn’t be any power plant in operation.”’ 

A pump who had not been heard from before spoke 
up. ‘‘I don’t see why we should pay much attention to 
what Governor says. I’ve run for 18 yr. without a 
governor, and -I’ve pumped 250,000,000 gal. of water. 
I’m wise to what that party wants. He knows that he 
doesn’t produce any power either, and he’s afraid that, 
if we unite and organize, we’ll throw him out too. He’s 
just one of the followers of the ‘plutocrats,’ and he 
gets paid by them. He’s one of their apologists and 
talks for them to save his own job. What does he know 
about the jobs of us workers? Did he ever make a 
pound of steam or pump a gallon of water? No! Did 
he ever make a single horsepower? Not an ounce of 
power did he ever make. He never burned any coal. 
He never made a watt. He never boiled any water. 
He never carried any steam. He’s never done any real 
work. He’s an ally of Flywheel. He’s in the class with 
the idlers, and we should put him out and come into our 
own. I’ve been down in the dark corner long enough. 
I demand a place in the sun.”’ 

In reply Governor said: ‘‘You may all do as you 
please. If you throw out either Flywheel or me, you'll 
all soon be out of a job and starving. But maybe you'll 
have to before you learn the lesson.”’ 

Then everybody joined in at once. Some wanted to 
consider what Governor said, and began to call them- 
selves conservatives. Others joined with Steam Pump 
and called themselves Radicals. They were for throw- 
ing out all Valves and Meters that might in any way 
control the operation of the plant. 

And so the argument raged. Meantime Flywheel 
and Governor went on about their tasks working with 
the Conservatives and trying to keep things going 50 
that the Radicals would not wreck the plant and throw 
everybody out of a job. 

That’s where matters stood at the last report. 

But isn’t it fortunate there are Conservatives who 
keep on working so that there is somebody to feed the 
Radicals, who are too busy arguing to work? That is, 
all but the wives of the Radicals, who keep the pot 
boiling while their husbands teach the mysteries of Bol- 
sheviki economies to the masses. 


AMERICAN BLower Co., of Detroit, Mich., has pur- 
chased a tract of 20 acres in the northeastern section 
of the city, and is arranging for the construction of 4 
new $750,000 plant there. 
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Oxy-Acetylene Welding---III” 


Hints ror BEGINNERS AND POINTERS 
ON Power Puant ReEpPAR JOBS 


N HEAVY metal, weld from left to right for the fol- 
lowing reasons: (1) Heat is conserved in a greater 
degree than in the possibly more common, right to 

left method. (2) The adding metal is less liable to 


- bridge over the bottom of the V and therefore a better 


penetration is secured. (3).The weld can be carried out 
progressively as the relative angle of the torch with the 
face of the metal will permit building on adding mate- 
rial without stopping to reheat. (4) The flame covers 
the face of the weld, assuring a continuous molten state 
but protecting it from the oxidizing effect of the air. 

Keep the pool as large as possible but do not allow 
it to spread along the groove without having the metal 
thoroughly fused. Complete the weld as you go. Do 
not partly fill the groove, even for a short distance, and 
then go back over it a second time, as each additional 
heating deteriorates the metal. 
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apart, if the weld is about 6 in. long. Long welds are 
to be opened in proportion to the length. As the metal 
contracts on cooling it will draw the pieces together. 

In practice, long welds must be made by continuous 
operation, and it is often necessary to change operators 
in doing heavy work. 


MANIFOLDING OF OXYGEN AND ACETYLENE TANKS 


LarGE welds and heavy cutting require large quan- 
tities of oxygen. Several tanks may be connected as 
a series, possibly a Y will be used and two sets of tanks 
arranged so that one set may be used till empty, then 
shut off and the other turned on. Or manifolds can be 
so made that a helper may remove one set of empty 
tanks and replace them with a full set without stopping 
the welding. 

As the tank valve stems are not provided with a 
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FIG. 1. CAST IRON EXPANSION AND WELDING FOR SEVERAL BREAKS 


Heat each side equally. Have both sides in a fused 
condition so that the adding material will thoroughly 
unite with the stock. If one side is hotter than the 
other it is liable to get union on one side and adhesion 
on the other. 

From 90 to 95 per cent of defective welds on heavy 
metal are due to lack of heat, causing adhesion instead 
of fusion. The adding metal should be slightly higher 
in the center and blend out at each side to the thickness 
of the plate. 

For a continuous weld, unless absolutely necessary, 
do not take the torch away from the weld till the job 
is finished. If you want to bend your rod keep the 
torch playing on the weld and slide the rod into the 
flame till hot, then bend without moving the torch from 
the work. 

In placing the pieces for welding have the left ends 
about 1/16 in. apart and the other ends about 3/16 in. 


*Abstract from Bulletin No. 11, Emergency War Training for 
xy-Acetylene Welders. 


stuffing box it is necessary to back the valve out with 
sufficient force to compress the washer around the stem 
to prevent loss of oxygen. If not done this will be a 
source of considerable loss. 

Acetylene tanks should not be manifold without a 
regulator on each tank to reduce the pressure. In this 
way no appreciable volume of acetylene is under high 
pressure. (Acetylene above 20 lb. pressure per square 
inch is considered dangerous.) This method does not 
conflict with the rules of the underwriters. 


WELDING DISSIMILAR THICKNESS 


Heavy stock requires great heat; hence we must 
have a tip large enough to give the necessary heat, but 
this is too large for the thin piece unless used with care. 
Judgment and skill are required to bring both pieces 
to the proper heat at the same time. 


EXPANSION AND CONTRACTION 


OVERCOMING the effects of expansion and contrac- 
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tion calls for thought on the part of the operator. As 
an example of expansion, take a rectangular casting 
such as shown in Fig. 1. If we heat one side, the ex- 
pansion will probably break the piece at the other side. 
Now, we may weld this break, and as it cools the cast- 
ing will probably break somewhere on the opposite side. 

To avoid this trouble it is necessary to preheat the 
side opposite the break, make the weld, and allow the 
whole to cool down together. 

The effect of expansion and contraction may often 
be overcome by mechanical means. Before welding, the 
parts may sometimes be sprung apart by a jack. After 
welding, the pressure is removed and the contraction 
of the cooling weld will relieve the strain. 


FIG, 2. GOOD AND BAD CYLINDER JOINTS 


To help determine where to preheat, imagine a 
wedge driven in at the break. A wedge driven in at this 
point would cause strain along the opposite side, indi- 
eating where the preheating is needed. 

To be able to judge the effect of expansion and con- 
traction and provide for it, requires judgment and ex- 
perience. Preheating of castings is often best done in 
temporary furnaces, using charcoal or coal as fuel; gas 
or oil torches are often effective, and such preheating 
will often materially reduce the gas consumption. After 
preheating, cover the casting with asbestos paper or 
other insulation to prevent rapid cooling and also to 
protect the welder. 

All brittle castings that are liable to have had strains 
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FIG. 3. WELDING HEADS INTO TANKS 


produced by contraction should be tested by jarring 
judiciously with a hammer so that excessive strains may 
relieve themselves by cracking rather than risk a break 
after the part is put in service. 

Preheating may be done with the torch if the parts 
are small, or a forge fire is often convenient. 

The following illustrations and descriptions will 
give those with limited experience an idea of how to 
handle jobs of various kinds. 


PREPARING THE’ WELD 


‘* A’? Fig. 5 snows a method of preparing cast iron 
by making a number of cuts with a hack-saw and then 
breaking away the small sections thus produced by driv- 
ing them sidewise. This makes it possible to leave 
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alinement edges on each end and the bottom which 
assures the correct alinement of the piece. These sec- 
tions, thus left, being afterwards welded from the sides 
and back. The saw cuts are made at 45 deg. with the 
surface to be welded. B shows the piece thus prepared, 
C an oval section prepared in the same manner in which 
three alinement points are left, this being valuable on 
certain classes of work that cannot otherwise be readily 
lined up. 
WELDING IN A TANK 


A, Fic. 4, shows a partition flanged and inserted in 
the inside with a weld made around the flange. This 
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FIG. 4. WELDING A PARTITION IN A TANK 


is a difficult thing to do successfully, as the shell of the 
tank expands away from the flange by the heat of weld- 
ing. It is necessary to tack it closely before proceeding 
to weld. 

B shows the partition as a solid drawn head or 
possibly a flanged head welded to the shell, the other 
part of the tank being formed by welding another shell 
in the corner produced by the knuckle of the head. 

D shows the welding of a flanged head to the shell 
of one part of the tank by an edge weld, the other part 
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FIG. 5. PREPARING THE WELD 


of the shell afterwards being lined up and a butt weld 
made. The dissimilar thickness of the metal makes such 
a weld difficult and there is also a great possibility of 
the first weld opening up due to internal strains while 
the second one is being made. It would be better to 
press the head in a short distance and weld as at A, 
leaving sufficient of the shell projecting so as to make 
a straight butt weld to the other part of the shell, this 
probably making the best form of joint. 

F shows a partition between two shells, but with the 
partition brought to the outside of the shell and a dis- 
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tinct weld made on each side. This is fairly satisfac- 
tory provided the plate is reasonably thick. 

Figure 3. If a flat or dished head is welded to the 
shell by a corner weld, as at A, it is unsatisfactory 
where strength or resistance to flexure is required as 
a greater flexure occurs at such a corner than at any 
other part of the tank. B shows the same condition 
but with the weld built out to a square corner, which 
is expensive. C has the square corner produced by 
preparing the plate and making the weld on the inner 
edge. 

A fianged head, as at D, forced into the shell con- 
eave side out and joined by an edge weld, is not satis- 
factory, as an edge weld has an uncertain depth and 
cannot be depended on. It is much better to force the 
head in for half an inch and weld in the angle formed 
by the shell and flange somewhat as in E. 

F is a flat head with a 45 deg. flange set inside and 
the groove filled up, while G has the flange turned to 
135 deg. 

At H a flanged head is shown welded to the shell by 
a butt seam of the usual type, making probably the best 
type of joint but requiring close accuracy in the size of 
the shell and head flange. 








FIG. 6. WELDING SHAFTING 


I, a flanged head inserted inside the shell and a 
corner weld made, gives a continuous radius with the 
knuckle, which is the most common type. Where possi- 
ble, J, with the inside flange welded, makes the best 
job, but can be done only on tanks of large size having 
manholes. Frequently on light tanks the head will be 
forced in flush with the shell and the edge of the shell 
hammered, rolled, or spun over the knuckle, thus reliev- 
ing the weld of all strain which then serves only to 
make the joint tight. 

K has the shell flanged to form a part of the head, 
making the weld at the point of least flexure, while L 
is a dished convex head inserted into the shell a suffi- 
cient distance to allow for a substantial weld being 
made in the corner. 

Note——Any of these joints can be made with con- 
vex or concave dished heads instead of flat. 


SHAFTING REPAIRS 


Fiagure 6 A shows a shaft having a square on the 
end as often used in machinery. Owing to the change 
in section fractures frequently occur, as shown, at the 
corner. It is inadvisable to make a weld at this, the 
Weakest point in the shaft, but it is better where possi- 
ble to shorten up the larger diameter, thus shortening 
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the square section, make the weld and build up the 
shoulder as required. In this way utilize the broken 
parts so that with care they can be used again with 
little machining as at B. If this is not possible, it is 
necessary to throw the broken end away, replace it with 
a round piece of a length sufficient to make the weld in 
the large section. This must then be machined to meet 
the requirements as is shown at C and D. 

E shows the advisability of making a diagonal weld 
everywhere where possible so as to increase the length 
of the weld and therefore its proportionate strength. 

















FIG. 7. WELDING THE SHORT END OF A SHAFT 


Where the short end is required to be welded to a 
shaft, it is exceedingly difficult to line up the short end 
unless it is doweled as shown at A, Fig. 7, and there is 
then no assurance that it will be in line though it must 
be concentric, and it is better to weld a larger section 
as at ‘‘B’”’ and machine to the required size. 


WELDING GEAR TEETH 


THERE are two methods of welding gear teeth, de- 
pending upon the size of the teeth and general condi- 
tions. It is impossible to fill in the individual tooth 
broken out as at A, Fig. 8, as the heat cannot be local- 
ized so as not to damage the adjacent teeth and there 


FIG. 8. WELDING GEAR TEETH 


is insufficient space to make a sound weld. It is better 
to fill in between the adjacent teeth as shown at B. If, 
however, the teeth are of sufficient size, the adjacent 
teeth may be protected by carbon blocks as shown at C, 
enabling the tooth to be chipped, cut with a hack saw, 


or filed to shape. In welding a tooth in this way, the 
blocks: should be sufficiently far apart to allow of get- 
ting the radius at the root of the tooth in solid welded 
metal, otherwise the tooth will be weak and readily 
break. This condition generally prevents the possibility 
of making the weld to approximate the correct shape of 
the tooth. 
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pipe, and cut the branch more or less accurately to 
form a slot as shown at A, Fig. 12. It can be seen that 
it is frequently impossible to insure the weld penetrat- 
ing any depth. The strength almost entirely depends 
upon the metal added on the surface to form a fillet. 


WELDING Nozztes To FLat SURFACES 


DirFICULTY in making a satisfactory weld of this 
type is due~to the 45 deg. groove that will be formed 
by ordinary preparation, a surface corner weld being 
undesirable. In the methods shown, the end of the 
nozzle is flared so as to increase the extent of the groove 
and the welds made by different methods as shown in 
A, B, C, Fig. 9. 

CYLINDERS 


In welding a sheet into the form of a cylinder there 
is trouble in keeping the edges of the plates in line. 
The joint should be open slightly at the end where the 
weld is started, the other end being open a greater dis- 
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FIG. 9. METHODS OF WELDING NOZZLES TO FLAT SURFACES 


tance to allow for contraction, to an amount about 214 
per cent of the length of the joint, the exact amount 
depending on the skill and speed of the welder. A 
seam weld should never be started with the metal in 
contact. 

A pressure container having a section that is not a 
true cylinder tends to assume a cylindrical form under 
pressure. If of a form shown in A, Fig. 2, it will tend 
to assume under pressure a section like B. If the edges 
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FIG. 10. THE WELDING OF FLANGES TO PIPE 


of the plate are as shown at C, E, or F, Fig. 2, they will 
tend to take a cylindrical form, and in doing so, pro- 
duce a bending strain which, in addition to tension in 
the plate, will often cause failure. The edges should 
meet as shown at D. 


Typres or LONGITUDINALLY WELDED SEAMS FOR PRESSURE 
CONTAINERS 


THE longitudinal seam of a pressure container is 
most important, owing to the fact that it has to stand 
twice the strain of the girth seam. It is, there- 
fore, very necessary that a joint of this type should 
have careful consideration, as the failure of a pressure 
container will frequently result’in loss of life. It is 
usual, on thin metal, not to prepare the edge. It is not 
desirable, however, to butt the edge as at A, Fig. 11, but 
leave the métal open as at B, as this will give greater 
assurance of a through weld. The ordinary method of 
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making a weld where preparing is necessary is shown 
at C. It is possible, under some circumstances, to use 
the joint shown at D; but it is not to be recommended, 
as naturally a tearing action takes place and a weld of 
this type seldom has any depth. It is, however, used 
extensively on electric transformer casings, as, due to 
the flexibility of the corrugations, very little strain can 
be thrown on the weld. It is undesirable to load or 
build up a weld, as shown at E, so as to offset any in- 
completeness of the weld, as eccentric loading will pro- 
duce a tearing effect, as shown at F, so that the effect 
of the reinforcement is negligible. This can be ofiset, 
however, to some extent by assuring that the weld is 
through by welding on the inside, as at G, if dimensions 
permit. 

It is better, however, to make a weld as shown at 
H, the preparation being obtained by bending the plate 
ends to an angle of 45 deg., forming a groove, provided 
the thickness will allow, the depth of the groove thus 
formed being sufficient to insure strength with the weld- 
ing skill available. In this way sufficient thickness of 
weld is produced to carry the direct load and also to 
stiffen up the joint so that it is not possible for flexure 
to take place in it. If the plates are too thick to bend, 
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FIG. 11. TYPES OF LONGITUDINALLY WELDED SEAMS FOR 
PRESSURE CONTAINERS 
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the preparation can be carried out as shown at J, the 
edges being beveled to 60 deg., leaving 30 deg. and the 
points ‘‘fullered’’ to the required shape. It is very 
essential in a pressure container that it should be truly 
cylindrical, as pressure exerted on the inside will tend 
to bend it to this shape, if not so already. The ends of 
the plate are frequently left flat, as at K, forming a 
peaked joint, in which it can be readily seen there will 
be considerable bending effect, produced by the varying 
pressures to which the container will be subjected, thus 
jeopardizing the weld. Though it may be strong enough 
to withstand the hydraulic test of several times the 
working pressure, the continual flexure produced will 
eventually result in failure. This type of joint is fre- 
quently produced by not separating the edges of a plate 
at an angle lengthwise when welding. The effect of the 
excessive shrinkage strains thus produced causes the 
plates to assume this shape. The plate shown at L is 
generally produced by unsatisfactory rolls or insufficient 
operation in rolling and should always be avoided on 
pressure work for the same reasons as given for K. 


NozzZLEsS OR BRANCHES ON PIPE 


AS THERE is excessive strain at the joint where 4 
nozzle or branch is welded to a pipe, due to expansion 
and contraction as well as other causes, it is desirable, 
particularly if it is to be used for steam, to make a sub- 
stantial joint. The usual method is to cut a hole in the 
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It is much better to flange the branch as shown at B. 


or to butt as shown at C, the former being preferable 
as it spreads the load over a large area. 


PATCHES IN PLATES 


FREQUENTLY it is impossible to weld patches in a 
plate without excessive internal strains, due to the rigid- 
ity of the plate in which the patch is welded. It is then 
desirable to make a patch of such a form that it will 
spring when subjected to excessive strain and thus mini- 
mize the effect of the contraction. This can be done 
by dishing the plates by any of the methods as shown 
at A, B, and C, Fig. 13. 


WELDING FLANGES TO PIPE 


A, Fie. 10, shows the most common method of weld- 
ing a flat flange to a pipe, by filling in the inside corner 
produced by inserting the pipe only partly through the 
thickness of the flange. 

Sometimes this is reinforced by an outside corner 
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FIG. 12. TYPES OF NOZZLES OR BRANCHES ON PIPES 


weld, which cannot be considered a satisfactory job 
and is also expensive. In B, the flange is beveled from 
the outside and the weld is made as complete as possi- 
ble. This, however, is difficult, due to the angle of prep- 
aration being only 45 deg. 

In C, the end of the pipe is beveled to 45 deg. with 
the hole in the flange forming a 90-deg. groove, which 
allows the weld to penetrate only half-way through the 
flange, giving insufficient strength except for the light- 
est uses. D represents the best type of a weld for all 
purposes. The flange having a boss formed up on one 
side the same thickness as the pipe, making the weld 
the same as welding two lengths of pipe. The length 
of the boss must be equal to two thicknesses so that the 
thicker metal of the flange will not interfere with the 
heat balance in the weld. Frequently welds are made 
with the boss projecting not more than one thickness, 
which are machined down from the solid metal. 


CARBON BURNING 


THE oxygen torch gives a quick method of freeing a 
gasoline engine cylinder from carbon, which may col- 


lect in nodules on the pistons or in any part of the com- - 


bustion chamber. The trouble caused by carbon is from 
pre-ignition. The nodules of carbon become red hot, 
and this heat, added to that of compression, often fires 
the charge before the proper time, causing severe knock- 
ing, and loss of power due to the explosion occurring 
too early in the stroke. 

This carbon can be cleaned out quickly by the oxy- 
gen jet. 
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Before attempting to burn out the carbon in a cyl- 
inder, be sure the gasoline is turned off at the tank and 
that the carburetor and gasoline pipes are drained. The 
piston must be at the head end of its compression stroke 
and both engine valves must be closed. This point can 
be found by opening the pet cock and turning the en- 
gine over by hand till the end of the compression stroke 
is reached. Then remove a spark plug, or better, a 
larger plug, and insert a small bit of oily waste. 

The oxygen burner is a piece of soft copper tube 
fitted with a valve that may be attached to the oxygen 
hose. 

(If there is plenty of time it is good practice to put 
about one-half a teacup of kerosene in each cylinder 
and let it stand overnight. This will soak into the hard 
earbon and make it easier to burn.) 

The oily waste is lighted and the oxygen jet intro- 
duced. The jet should be moved around so as to reach 
all parts of the combustion chamber, as the carbon will 
not burn unless the oxygen jet comes in contact with it. 
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FIG. 13. WELDING PATCHES INTO PLATES 


After the first treatment, it is a good plan to spray 
the inside of the combustion chamber with a mixture 
of lubricating oil and kerosene in the ratio of 4 to 1 
and again burn out with the oxygen jet. In this way 
the cylinder may be very thoroughly cleaned. 

Treat each cylinder as above, being sure that the 
piston of the cylinder being treated is at the head end 
and both valves closed before starting to burn out the 
carbon. 


CALL HAS BEEN ISSUED by James A. Farrell, Chair- 
man of the National Foreign Trade Council, for the 
sixth convention, to be held in the Congress Hotel, Chi- 
eago, Thursday, Friday and Saturday, April 24 to 26. 

Mr. Farrell says the abrupt termination of the war 
in Europe has brought the United States suddenly face 
to face with questions of grave concern to American 
foreign trade and industry. We must rely, as never 
before, on foreign trade for the full employment of 
labor, to prevent disturbance of domestic conditions and 


‘to insure the retention and operation of our new mer- 


chant vessels under the American flag. 

All Americans engaged in or wishing to enter over- 
seas commerce are invited to participate in the conven- 
tion, which will be devoted in part to the presentation 
of papers by men who are directing the chief industries 
of the nation, and in part to discussion of specific prob- 
lems dealing with foreign trade. Practical information 
for present needs will be the dominant note of the con- 
vention, which will be operated partly in general ses- 
sions and partly in groups for discussion of specific 
questions. 
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Power Conditions in Europe 


DEVELOPMENTS PROPOSED IN SWEDEN AND OUTLOOK FOR THE 
Future. Data SUPPLIED BY THE RoyAL CONSULATE OF SWEDEN 


IFFICULTIES CAUSED by the world-war on a 
larger or smaller scale have further increased dur- 
ing the past year. Not least has electrical indus- 

try been burdened, especially by shortage of raw mate- 
rials. There has been no import whatever of copper 
during the year, and the home supplies have commanded 
steadily increasing prices. 


MATERIALS 


AT THE BEGINNING of the year, the quotation for 
finished material averaged 55 cents a lb.; at its close, it 
was about 97.5 cents. Iron, owing to the increased prices 
of coal, has increased from 3 cents in 1914 to about 10.3 
cents a lb. (cast). Steel, which before the, war brought 
4.85 cents a lb., has gone up as high as 30.3 cents. The 
scarcity of manganese has thrown substantial difficulties 
in the way of the supply of axle-steel. Tin and antimony 
have been very difficult to get, while there has been a 
comparatively good supply of zine and lead. 

Supplies of mica have been very short, and quota- 
tions have varied with demand and supply from $1.21 
to $18.20 per lb. Cotton insulating material has been 
largely replaced by paper. 

Finally a shortage of oil has made itself felt in the 
manufacture of transformers. The price of common 
transformer-oil has risen from 4.85 cents before the war 
to 85 cents, and in individual cases substantially higher 
prices have been paid. The shortage of oil has brought 
about limitations in the use of oil-cooled transformers 
for small sizes and low tension. During the year much 
work has been expended on the production of native 
oil from tar-products. How far these products can be 
made to satisfy the earlier normal requirements for 
transformer oils will probably be shown in the imme- 
diate future. 

If to the increased prices of materials be added rail- 
way freights, which have been raised more than 150 
per cent, and wages, which have been doubled in conse- 
quence of the general high prices, it is easy to under- 
stand how prices of electrical manufactures have at- 
tained a level which, according to earlier notions, is 
absolutely abnormal. On the average, the increase in 
prices of electrical machinery since the time before the 
war may be estimated at 200 per cent. 

In spite of all this, the electrical industry down to 
the end of the year has had a very animated market. 


This has been helped partly by the boom from 1916 in. 


certain important and wealthy industries, and partly by 
the demand, which has increased with the scarcity of 
fuel, for electrical energy from our waterfalls, both for 
power and for light. The output figures for our larger 
electrical machinery firms have therefore beaten all 
earlier records in 1917. First comes Allmanna Svenska 
Elektriska Aktiebolaget of Wasteras with about 24,000 
machines with a total of 500,000 kw. Luth & Rosens Elek- 
triska Aktiebolag, Stockholm, has manufactured about 
4000 machines and transformers; and Elektriska Aktie- 
bolaget Eck 6000 machines, with a total of about 70,000 
kw. Among other firms in the electrical line may be 


mentioned Max Sieverts Fabriks A-B, which manufac- 
tures electrical cables. The sale for 1917 amounted to 
$4,930,000, as compared with $3,315,000 in the previous 
year. A new cable works has been erected at Klosteras. 


State Power STATIONS 


Ir wE turn from manufacturing to the power indus- 
try, we come first of all to the State’s managing depart- 
ment in this line Kungl. Vattenfallsstyrelsen. This de- 
partment’s electrotechnical bureau has kindly supplied 
us with the following information concerning the work 
of the Waterfalls Council. The load of the power sta- 
tions has risen considerably since the beginning of the 
year. The maximum load of the Trollhattan power sta- 
tion has reached 66,000 kw., which means that all the 
eight machine units have had very nearly full load. The 
quantity of energy supplied has reached about 416 mil- 
lion kw.-hr. 

The maximum load of the Alvkarleby power station 
has reached 44,000 kw., corresponding to about 90 per 
cent of the full load of all the machine units. The 
energy generated during the year has reached about 
187 million kw.-hr. 

At the Porjus power station the maximum load in 
the three-phase department has reached about 9400 kw., 
and the corresponding production of energy about 37 
million kw.-hr. The maximum load of the one-phase 
lines reached 11,400 kw., and the corresponding produc- 
tion about 10 million kw.-hr. 

If we put all these together, therefore, the maximum 
load on the State power stations has reached about 130,- 
000 kw., and the production of energy about 650 million 
kw.-hr. The corresponding figures for 1916 were about 
115,000 kw. and 515 million kw.-hr. respectively. The 
increase has consequently been 13 per cent and 26 per 
cent respectively. 


Evectric RAILwAy PLANTS 


Wirs regard to the electrification work of the State 
Railway Council, it must be mentioned that the work 
carried on since 1911 on the electrification of the Lapp- 
land railway was finally completed during the year. 
This important installation has proved to fulfill all ex- 
pectations from both a technical and an economic point 
of view. In the course of the year four new electrical 
iron-ore locomotives, of practically the same build as 
the older ones, have started running, supplied by All- 
manna Svenska Aktiebolaget and the Flun wagon 
works. 

For the commencement of the electrification of the 
Kiruna-Svarton section the Riksdag has made a grant 
of $936,000. The enormously increased prices of mate- 
rials, however, will probably prevent any energetic pros- 
ecution of this work; and indeed railway electrification 
in general, despite the great interest in it shown in many 
quarters, has been rendered highly difficult in the pres- 
ent state of things. 

The economic importance of railway electrification, 
however, cannot be more clearly demonstrated than by 
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the fact that the additional cost of the fuel required 
by the State Railways in the present year, compared with 
the prices of 1913, represents an amount of the same 
magnitude as was calculated, some years before the war, 
to be needed for the electrification for the entire State 
Railway system. When more favorable conditions re- 
turn, therefore, we may hope for great expansion of this 
department. 


PrivaATE PLANTS 


AMONG private power stations, we need here mention 
only some of the largest, which have furnished statistical 
data: 

Hemsjo Kraftaktiebolag has supplied during the 
year 28.7 million kw.-hr., and the maximum load of the 
year is 7500 kw. During the year the company has ob- 
tained a considerable addition to its capacity through 
the new power station at Hemsjo Nedre, which is for 
the present equipped with one unit, corresponding to 
the supply of water during a period of low water and 
in the first place designed to increase the supply of 
energy during the summer and autumn, and to a cor- 
responding degree save the fuel which is so costly at 
the present time. 

The company supplies power to industry and agri- 
culture in Smaland and the adjoining parts of Blekinge 
and Skane. 

For 1918 the electrification of the southern part of 
the county of Kalmar is being planned in connection with 
Finsjo Kraftaktiebolag. In 1917 the country districts 
around Kalmar were surveyed, but no equipment could 
be laid down because the farmers hesitated to incur the 
high costs of installation. This year, however, the ques- 
tion has been taken up again, not only for the southern 
mainland portion of the country, but also for Oland. 
It is not impossible that, with the expected aid of the 
State authorities, a high-pressure cable to Oland may 
prove itself economically practicable, especially as the 
cement-works in Degerhamn use a considerable amount 
of power, which in an extremely advantageous manner 
can supplement the load-curve on agriculture, handi- 
craft and minor industries. 

Kraftaktiebolaget Gullspang-Munkfors has supplied 
during the year 67 million kw.-hr., and the maximum 
load has been 12,700 kw. A lively interest has been 
shown within the distributing area of the company for 
the electrification of the country districts; and a number 
of distribution associations have come into existence, 
which have furnished their members with electrical 
energy. A further number of similar associations have 
also been projected; and in consequence of this the 
company’s secondary stations have been enlarged, and 
further extensions are being planned. A reserve station 
in Lidkoping has been completed during the year for 
the purpose of connecting with the Trollhattan works. 

Yngeredsfors Kraftaktiebolag has particularly suf- 
fered during the year from the considerable restrictions 
in the textile industry, which forms an important part 
of the load of the works. The number of kilowatt-hours 
amounted to only 18,000,000, as compared with very 
nearly 23,000,000 in 1916. Among the larger new cus- 
tomers may be mentioned the Varberg Ironworks, which 
in the future will probably take large quantities of 
energy. 
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An entirely new concern in the power industry, of 
considerable scope and great interest, has come into ex- 
istence during the year in Bergslagens Gemensamma 
Kraftforvaltning, formed as an amalgamation of the 
co-operative type, the participators in which contribute 
amounts proportionate to the horsepower of their several 
establishments. By means of this coupling of the power 
installations of the Bergslag district proper, there has 
been gained an increase in the prime power produced 
of 20 million kw.-hr. per year. By the installation of 
the necessary steam reserves there can be developed a 
further amount of 40 million kw.-hr. a year. The com- 
bination comprises over 100 power-stations, representing 
about 85,000 hp. in water and 26,000 hp. in steam. 


Already, however, further augmentations of power 
have been projected, inasmuch as the five great works 
Forsbacka, Sandviken, Hofors, Avesta and Fagersta as 
early as the close of 1916, purchased the Krangede Falls 
in the Indal River, which, .after the regulation of the 
water-level, should be able to yield no less than 120,000 
hp. 

In connection with the above, on April 4, 1918, the 
Waterfalls Council submitted to the government a pro- 
posal to lay before the Riksdag this year a scheme to 
grant a further $670,000 to carry out distribution equip- 
ment for the power stations of the State. Among the 
reasons given by the Council is the fact that the influx 
of applicants for power is so great that the funds that 
will be available for carrying out distribution equip- 
ment during the present year fall far short of the re- 
quirements. The Council considers it unavoidably nec- 
essary, therefore, that increased grants should be re- 
quested for the purpose in hand. 

With the equipments that have been carried out 
during the present year the Waterfalls Council has, 
roughly speaking, provided for the power-requirements 
of the larger communities and the greater industries. 
But at the present time it is largely the smaller con- 
sumers that ask for power. Especially has the demand 
for power for agricultural purposes become so exten- 
sive that the Waterfalls Council has so far not con- 
sidered it possible to satisfy it, due regard being taken 
to the high cost of the local network and the equip- 
ment of consumers. Suitable changes in the system of 
distribution, however, especially the use of iron instead 
of copper for the power wires, have, to a certain extent, 
neutralized the scarcity and the high prices of materials. 
The price of iron-wire has fallen somewhat of late, and 
a possibility has offered itself of obtaining oil for trans- 
formers. 

In addition to all this, the Waterfalls Council con- 
siders it desirable during the present year to commence 
the system for transmitting power from Porjus to Lulea. 
The transmission of power from Porjus and Harspran- 
get to the coast of Norrbotten should indeed be inaugur- 
ated as soon as possible. The general conditions—cli- 
mate, transport possibilities and the housing question— 
strongly suggest that large-scale industry in Upper Norr- 
land should, as far as possible, be directed to the coast 
region. 

During the latter part of last year the Waterfalls 
Council concluded a contract with the Norbotten Iron- 
works Co. for the supply (to begin with) of 10,000 kw. 
for the manufacture of iron. It is intended that this 
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amount of power shall be increased to 40,000 kw. The 
contract is based on the supply of the power at Malm- 
berget; but the company has intimated its desire to 
locate its ironworks at Lulea, provided that the State 
is willing to transmit the power there, and has declared 
its willingness to pay for the increased annual cost 
caused by the greatly increased distance of transmission. 
The Waterfalls Council warmly recommends that the 
power be transmitted as desired. The total cost is esti- 
mated at $845,000.—Swedish Exports. 


Improvements in Steam or Gas 


Turbines 


By J. H. BuaKey 


HE OERLICHON CoO. has been granted a French 
a patent, No. 485,977, dated Feb. 26, 1918, for im- 

provements in steam or gas turbines. The device 
is particularly applicable when the turbine is used in 
direct drive, and more especially when the machine 
driven is an electric generator, which is more likely 
than any other machine to be injuriously affected by 
heating, due to its close proximity to the turbine. 




















IMPROVEMENTS IN STEAM TURBINES 


The arrangement in a simple non-condensing form 
is shown in the figure, in which a is the shaft of the 
turbine and of the dynamo. The fixed part, b, of the 
turbine acts as casing for wheel ec’, and also surrounds 
ventilator d, suitably arranged for the cooling of dyna- 
mo f, and of bearing e. Air is drawn in along the pas- 
sage d’, after passing over the dynamo, and is then 
thrown into the compartment b. This arrangement 
also makes unnecessary the employment of the stutfing 
box gland, which is generally used near the bearing 
to insure the tightness of compartment b of the turbine. 
The same principle lends itself to various forms of 
application, and in one of them, condensing, the com- 
partment which receives the escape of the wheel ¢ is 
distinct from the casing b, into which the ventilator 
drives the warmed air, a diaphragm being interposed 
between the two parts of the machine. In the figure 
the two compartments are not separated, but the wheel 
e’ which carries buckets ¢ is distinct from wheel d which 
carries the vanes of the ventilator. A simpler arrange- 
ment still is that in which the ventilator vanes are 
mounted directly on wheel ec’ of the turbine. 


WHERE THERE is choice of coal to be stored, that hav- 
ing the lowest oxidizing rate should be chosen, if known. 
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What Congress Provided 


HERE WAS passed by congress and approved by 
the President June 27, 1918, a law generally known 
as the ‘‘ Vocational Re-educational Act,’’ and some- 

times the ‘‘Smith-Sears Act,’’ which provides that any 
member of the armed forces of the United States govern- 
ment who has been so disabled as to entitle him to receive 
compensation from the war risk insurance bureau, and 
‘‘who, after his discharge, in the opinion of the federal 
board for vocational education is unable to carry on a 
gainful occupation or resume his former occupation or 
enter upon some other occupation, or having re- 
sumed or entered upon such occupation is unable 
to continue it successfully, shall be furnished by said 
board, where vocational re-education is feasible, such 
course of vocational rehabilitation as the board shall 
prescribe and provide. 

‘‘Every person electing to follow such a course of 
vocational rehabilitation, while following it, receives 
monthly compensation not less than $65 per month or 
equal to the amount of his monthly pay for the last 
month of his active service, if that was in excess of $65.’’ 

The re-education provided is purely voluntary on 
the part of the man taking it; there is no compulsion. 
Any man found qualified as entitled to undertake the 
course is allowed subsistence and all expenses of educa- 
tion such as tuition, books, library and laboratory and 
other fees. There is no time limit set for the completion 
of the education. The sole, dominating idea of the gov- 
ernment is to make the man efficient in the line which he 
has elected. When he has completed the course, if it 
be a wage earning occupation, the placement division of 
the federal board has found employment for him and 
he is inducted therein and supervised for a period of 
practical apprenticeship in order that he may demon- 
strate beyond doubt that he is able to carry on the work 
under conditions of active competition with men who 
have not been injured. When he does so qualify and is 
accepted as a competent worker and is placed upon the 
pay roll as such, then his support from the federal board 
ceases and his pay, of course, begins as a skilled work- 
man. At the same time, his compensation begins from 
the war risk insurance bureau and this is absolutely 
unaffected by any amount which he may be able to earn. 


The federal board for vocational education at Wash- 
ington is earnestly endeavoring to get in touch with all 
war disabled men to discuss their cases with them, and 
award the special training if it is necessary and the man 
is qualified. 


ENGLAND is undergoing an embarrassing epidemic 
of railway strikes, and the London Times asks, ‘‘ Are we 
having peace or war at home?’’ 

Recently the London District Railway was com- 
pletely shut down, and although all the tram drivers 
did not join in the strike, the force at the railway power 
plant walked out without notice. Supplementing the 
strike of the subway employes and the locomotive engi- 
neers of one of the district steam railroads, this move 
seriously affected the traffic situation. It indicated the 
intolerable menace offered to public welfare and orderly 
government. 
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Knocking in Gas Engines 


Its CAUSES 


NOCK in a gas engine is frequently a warning of 

approaching breakdown. For this reason, it is 

generally inadvisable when hearing a knock to 
allow an engine to continue running longer than abso- 
lutely necessary. 

Probably in the majority of cases, knocking is the 
result of lost motion in some part of the engine. For 
instance, the connecting rod brasses may have become 
worn, or the flywheel keys may have worked loose, and 
so on. As a general rule, the first thing the average 
engineer does when he discovers a knock is to close up 
the big or the small ends of the connecting rods, or both 
ends if necessary; in many eases this will cure the 
trouble. 

It will occasionally happen with large engines, how- 
ever, that after fitting new connecting-rod brasses a 
new and heavy knock will develop in the engine cylin- 
der. This may usually be accounted for in the follow- 
ing way: The continual motion of the piston to and 
fro in the cylinder has worn away some of the metal 
of the liner, leaving a ridge at the part where the first 
piston ring moves up to each stroke. Since the new 


brasses are thicker than the old ones, the effect is to 
cause the piston to move a little further up into the 
cylinder each stroke, with the result that the first ring 


strikes against the ridge each stroke, causing a heavy 
knock. Of course, where the engineer-in-charge has 
taken precaution to fit liners behind the brasses where 
wear has taken place so as to maintain the correct cen- 
ters, the trouble in question is not liable to arise. 


To prevent this new knock, it will be necessary to 
remove the ridge referred to by chipping and filing. 
If it be impracticable to do this early, the first ring 
may be removed from the piston until such time as the 
true remedy can be applied. 

Sometimes the piston rings will cause knocking or 
rattling through being loose, and it is not always an 
easy matter to trace the knocking caused in this way. 
When, therefore, a knock cannot be at once located, it 
is advisable to see if the piston rings are a good fit in 
their grooves. 

Looseness of the flywheel keys ts a somewhat com- 
mon cause of knocking in gas engines. The conditions 
of working in a gas engine are of course severe, much 
more so than is the case with a steam engine, and with 
the increased pressures and speeds, it is no easy mat- 
ter to get the keys to remain tight for long periods. 
The slightest amount of slackness is obviously serious 
as in addition to giving rise to more or less severe 
knocking, it involves risk of damage to the keys, and 
fracture of the wheel boss and possibly the crank 
shaft. Loose keys are always liable to be met with 
if the wheel boss has been bored slightly too large or 
at all out of center. 

It is not sufficient that the flywheel keys be quite 
tight; they must be a perfect fit. In numerous in- 
stances, the keys have been found as tight as possible, 
but the flywheel was, nevertheless, slightly loose, and 


AND REMEDIES 


a heavy knock occurred in consequence. An interest- 
ing example presented itself when a large gas engine 
was reported to be knocking, and the owners, who 
were unable to locate the knock, arranged for a firm 
specializing in engine repairs to look into the matter. 
The firm’s men commenced their investigations first by 
removing the connecting rod and piston with the object 
of closing the brasses, but this was found to have been 
done already by the owners. The piston rings were 
next examined for slackness or breakage, but these were 
found to be in good condition and to fit perfectly. The 
flywheel key was then examined, but proved to be quite 
tight. As the cause of the knock could not be located, 
those concerned decided to give the engine a thorough 
overhauling. Yet, after this work had been completed, 
the engine, on being started, knocked as badly as ever. 
The cause of the trouble was, however, discovered shortly 
afterward by chance. The engine had been stopped 
again, and the man in charge of the job happened to 
place his foot on one of the arms of the flywheel by 
way of a rest, and in order to think the matter over. 
While in this position the man felt a distinct knock on 
the sole of his boot. This gave the clue to the solution 
of the trouble; obviously there must be some slackness 
or lost motion in the flywheel. Although the key had 
previously been found quite tight, a close examination 
of the key and its keyway were now made, and served 
to show not only that the key was badly proportioned 
and badly shaped, but that the keyway had been badly 
cut, being narrower in the middle than at the ends. 
In short, only a short length of the key was really etfee- 
tive in securing the wheel to the shaft, and this was the 
cause of the whole trouble. 

It has already been pointed out that the continual 
motion of the piston to and fro in the cylinder gradually 
wears away some of the metal of the cylinder liner, 
leaving a ridge at the end of the travel of the first 
piston ring. In extreme cases the wear is so pronounced 
that the piston becomes quite slack in the liner, and 
this will sometimes prove to be the cause of the knock. 
Thus, when the explosive mixture is fired, the force of 
the explosion causes the piston to shake against the inter- 
nal surface of the liner, and a knock is thus likely to 
be heard each explosion stroke. A knock of this char- 
acter can scarcely be regarded as a serious one, since no 
undue stresses are likely to set up on any of the parts. 
What is perhaps of more importance than the knock 
is the loss which will probably occur by leakage of the 
explosive mixture past the piston. The remedy for the 
trouble is of course to re-bore the cylinder liner and fit 
a new piston, or else to fit both a new liner and a new 
piston. 

One cause of knocking in gas engines, but one which 
is usually easy to discover, is undue clearance between 
the spindles of the different valves, and the levers 
which operate the valves. When the valves are properly 
adjusted for lift, they are first opened gradually by the 
cams which work the levers, and then more rapidly. 
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When, however, there is a considerable amount of clear- 
ance between the valve spindles and the levers, the lat- 
ter, instead of coming into contact at a moment when 
they are moving slowly, only do so when the rate of 
motion has become comparatively great. The result is 
that the levers, instead of coming into gradual contact 
with the spindles, bang against them, thus tending to 
cause a knock. If now the valves lift easily, the force 
of the blow is relieved, and the knock will be of little 
importance; but if, on the other hand, much force is 
required to lift the valves, the knock is liable to become 
somewhat severe. In the case of the gas and air valves, 
comparatively little force-is required to open the valves, 
because each valve opens at the commencement of the 
suction stroke, when the piston is really reducing the 
pressure against which the valves have to lift, and so 
assisting in opening them. 

The case is quite different with the exhaust valve. 
This valve has to open at the end of the explosion stroke, 
when the pressure in the cylinder is considerable. Since, 
in addition to this pressure, the pressure of the spring 
which keeps the valve down on its seat during the admis- 
sion, compression and explosion stroke has also to be 
overcome, not to speak of the weight of the valve itself, 
it is not difficult to understand that the force required 
to open the valve is considerable. Hence, when there 
is much clearance between the exhaust valve spindle and 
lever, the knock resulting may prove to be somewhat 
serious. The force of the blow is, of course, transmitted 
to the teeth of the skew wheels which drive the cam 
shaft, and if these teeth are much worn, as they fre- 
quently are in engines which have seen much service, 
risk of breakage of the teeth is incurred. Knocking of 
a somewhat similar nature to the above will sometimes 
occur as the result of undue wear of the rollers against 
which the cams work, the latter banging against the 
rollers once each cycle. 

Another somewhat common cause of knocking in gas 
engines is premature firing. Thus, if the charge is tired 
much before the piston reaches the end of the compres- 
sion stroke, the general effect is to tend to check sud- 
denly the motion of the piston, so that if there is the 
slightest lost motion in the moving parts, a more or less 
severe knock is liable to occur each cycle. 


Too early firing may, of course, be caused through 
improper adjustment of the ignition arrangements; but 
it will sometimes occur when the adjustment is quite in 
order. The trouble will then generally be due to the 
deposit of carbon on the valves, the cylinder end, and 
on the piston. 

When the trouble referred to is experienced, it is 
therefore well to look for évidences of carbon deposit, 
and should any be discovered, it should be removed at 
the earliest opportunity. Satisfactory removal can, as 
a rule, only by effected after the piston has been with- 
drawn. It is far from wise merely to loosen the deposit 
and trust to this being blown out through the exhaust 
valve. Unless the deposit is positively removed by hand 
after the piston has been withdrawn, there is every prob- 
ability that the engine will soon suffer severely from 
scored piston rings and cylinder walls. 


ONE PRECAUTION to prevent accidents is worth a 
thousand afterthoughts. 
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What Necessary to Qualify? 


O line of free re-education for disabled soldiers in 
all the more than 400 at the disposal of the Federal 
Board for Vocational Education has aroused yen- 

eral interest as has the new one of ‘‘farm mechanie.”’ 
Inquiries are received daily from progressive farmers 
who want to employ these men, and from disabled 
soldiers who want to take the course. 

Tractor operation is only one of the lines of activity 
of the farm mechanic; this in itself is an occupation 
with a future. Tractor operators are needed and expe- 
rience of the men with motor equipment in the army 
will prove of value in this work. The tractor coming 
generally to: be used on the larger farms is extending 
rapidly to the moderate sized farms. The average far- 
mer is not a mechanic. Many of them realize that a 
tractor is a profitable outfit to have if they had a trained 
tractor man to run it. The large farms may afford to 
keep a man for the purpose but the farmer with 200 to 
500 acres feels that unless he can run his own tractor 
he had better depend on horses. He knows he can run 
them. 

The demand for men who can get efficient work from 
the tractor would be greatly increased if such men could 
be used in a profitable way between tractor jobs. A 
good tractor operator should be a natural mechanic; one 
who is ingenious and resourceful. If such a man can 
couple with his tractor ability a knowledge and ability 
to repair and keep in order the farm machinery, he has 
greatly increased his field of usefulness and chance of 
employment throughout the year. He also makes it 
possible for a farmer to take advantage of farm machin- 
ery which otherwise he might feel that he could not 
profitably use. 

To qualify for this work a man should be able to care 
for and operate a tractor and other gasoline engines, be 
familiar with the automobile, understand the binder, 
mower and other farm machinery, be able to use a forge 
and make common welds in iron and mild steel, sharpen 
a plow, do a fair job of wood work such as make a wagon 
box, hay rack or repair on buildings, mend harness and 
have a working knowledge of electricity so he can care 
for a low voltage electric a plant including the stor- 
age battery. 

With special training, such as is available to the 
wounded soldier through the Federal Board for Voca- 
tional Education, a man who has some mechanical abil- 
ity and who wants to get into rural work can be sure 
of continuous employment. Many farmers will furnish 
house, garden, pasture for cow and other prerequisites 
that will enable a man to have a home and really enjoy 
life. 


WE THINK of wireless transmission as through the air 
because most past development has been in that direction. 
Prof. J. R. Rogers has, however, devised a system for 
underground and submarine wireless transmission that 
has been tested out during the war, impulses being 
received from Europe, and plants having been installed 
at Great Lakes, Ill., Belmar, N. Y., and New Orleans, 
La. Wires are buried about 6 ft. deep in damp ground, 
and pointing in the direction from which the message 
is to come. Success has also been obtained in water 
25 to 50 ft. in depth. 
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Air Lifts 


THOSE WHO use air lifts for pumping water or other 
liquids will find that by placing check valves on the 
suction end of the discharge pipes they can increase 
the amount of water raised. 

The nature of these checks will depend on the condi- 
tions where the lifts are used. For large open wells or 
tanks horizontal swing checks can be used; but for 
driven wells, or where space is limited, a vertical check 
or foot valve must be used. Figure 1 shows how to 
place the foot valve, and Fig. 2 shows how to arrange 
the horizontal checks. 
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FIG. 1. METHOD OF PLACING THE FOOT VALVE 

FIG, 2; ARRANGEMENT OF HORIZONTAL CHECKS 
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The use of an air lift will improve a driven well by 
removing fine sand and other small material which will 
not be moved by a deep well pump. 

When using air lifts turn the air on slowly, as too 
much air will reduce the amount of material raised. 

A. B. Vista, Jr. 


A Handy Tank Gage 


IN MANY installations there are water or oil tanks 
located in such positions that is hard to set the gage 
Where it can be readily observed. A gage that can be 
Placed in any convenient part of the plant can be made 
from the works of an old alarm clock and a few pieces 
of lumber. 

Take the clock works apart and remove all the 
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wheels, springs, ete. Select one of the larger gear 
wheels and a small pinion. Remove the shafts from 
these and make new ones from No. 14 wire or rod of 
about the same diameter. Referring to A in the 
accompanying illustration, you will see how the gear 
and pinion should be fitted to the shafts. 

Drill out bearings in the frame and fit the shafts, 
taking care to see that the gear and pinion mesh prop- 
erly and run freely. Drill a hole in the center of a 
board about 12 in. square, large enough to take the 
shaft of the gear wheel. Mount the frame on the board 
with the gear shaft in the hole. It should project about 
14 in. on the opposite side of the board. 
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DETAILS OF TANK GAGE AND ITS METHOD OF APPLICATION 


Make a pulley of wood or metal and fit it securely 
on the pinion shaft, as shown at A’. The shaft should 
extend far enough beyond the pulley to enter a hole in 
the back of the wooden frame, forming an outboard 
bearing. 

The hand may be made of thin sheet metal and 
soldered on the end of the gear shaft, but this should 
be done after the dial is in place, unless you prefer to 
lay out the dial directly on the board. 

Mount the gage in any convenient place, high 
enough above the floor so that the weight W’ will have 
a travel equal to the maximum rise of the liquid in the 
tank. Cord C’ from the gage to the float may turn a 
number of corners, providing the corner pulleys run 
free. Place a weight, W”, on the float, a little heavier 
than the one on the opposite end of the cord, to act asa 
counterbalance. 
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Direction of rotation of the hand may be reversed 
by changing the cord on the pulley A’, so that the pull 
from the float comes on the opposite side of the pulley. 
To avoid binding, do not wrap the cord around pulley 
A’ more than once. 

The dial may be marked to indicate the rise and 
fall in inches and feet or in gallons and barrels, as 
desired. J. W. EsHNAUR. 


Safety Device for Low Boiler Room Cranes 
In MANY boiler rooms traveling cranes of various 
kinds are used for moving coal and ashes, and in many 
eases headroom is limited to such an extent that the 
crane box for housing the operator extends down close 
to the floor. In one large boiler plant this crane cage 
extended down to about 6 ft. above the floor level and 
was therefore in a position to strike somebody working 
below if caught unawares. The crane was fitted with 
the ordinary bell, but in addition the boiler room men 
rigged up a further device for warning, as shown in 
the accompanying sketch. On each side of the cage 
they built up a light extension frame, and on this frame 
they hung a number of light ropes, which would strike a 
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METHOD OF APPLYING WARNING DEVICE TO CRANE 


person in the path of the car and give a warning of the 
danger, much on the same order as the ropes which are 
hung along railroads at the approach to low bridges, 
tunnels, ete. This arrangement could doubtless be used 
to advantage in other situations where low moving 
bodies are encountered. M. A. SALLER. 


Novel Means of Shifting Generator Load 


WHEN I assumed charge of the plant in which I am 
at present employed, I found as part of the equipment 
two simple steam engines driving paper machines 
through the medium of large cone-pulley variable speed 
drives. The exhaust from these engines, which was 
considerably in excess of that required for drying and 
heating purposes, was delivered into a low-pressure 
main. 

Because of their high rate of steam consumption, it 
was planned to replace these engines with new ones; 
but after giving the matter careful consideration, I 
caused this to be held up and recommended another 
scheme which proved entirely satisfactory. 

The machine engines and their cone drives were dis- 
carded and in their stead motors installed, the current 
for the opération of which was secured from a steam 
turbine driven generator and belted generator oper- 
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ating in parallel. As the turbine was run noncon- 
densing, exhausting into the low-pressure main, and 
the belted machine so arranged that it might be driven 
by means of a water turbine, a condensing engine or a 
noncondensing engine also exhausting into the low- 
pressure main, it was quite possible so to divide the 
load as to produce the desired amount of exhaust steam, 
especially with the belted machine driven by the water 
turbine or the condensing engine. In order to accom- 
plish this automatically, a rheostat fitted with a 
sprocket wheel was connected in series with the turbine 
field rheostat and through the medium of a bicycle 
chain was connected to a damper regulator. The 
diaphragm of this regulator was subjected to the pres- 
sure of the steam within the low-pressure main and as 
this would increase, due to a decreasing demand, the 
regulator would operate the rheostat in such a manner 
as to introduce more resistance in the field circuit and 
in that way shift more of the load onto the other unit. 
This arrangement, while not absolutely automatic, 
served well when there was an abnormal change in the 
demand for steam. F. E. SHELDON, 


Tightening a Crank Disk 


I NOTICED in the issue of Feb. 1, page 172, a sugges- 
tion to tighten a crank to a shaft. I am inelined to 
consider it a rather difficult task to get a steel shim be- 





METHOD OF TIGHTENING CRANK DISK 


tween shaft and crank. I have had my troubles with 4 
28 by 60 and a 24 by 48 engine, and succeeded in getting 
both of these cranks tight, and never had any trouble 
afterwards. The accompanying sketch will show how 
it was done. 

I had a machinist drill two holes halfway in the shaft 
and the crank for 114-in. bolts; the drilling of these 
holes is not an easy task, I admit, but by setting the drill 
so it works more towards the steel shaft it will go all 
right. These holes were drilled about as deep as the 
crank is thick and tapped, finally, with a bottom tap and 
the bolts screwed in, but they have to go in very tight; 
to my recollection, we use a 36-in. wrench; cut the bolts 
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is understood, though; that the key must be properly 
fitted in. H. B. 


Valve Reseating Tool 


TuIs 1s perhaps a unique idea in valve reseating 
tools, in that it uses the valve spring to do the work of 
feeding the cutter. The device is home-made. The 
upper half is a piece of round stock fitted with a handle 
and having a square hole drilled and filed in the lower 
end to take a piece of square file that has been ground 
to cut the beveled seat. The lower rod, which is of the 
same diameter as the valve stem, is threaded to screw 















































VALVE SPRING 


CONSTRUCTION AND APPLICATION OF VALVE RESEATING TOOL 


into the bottom of the top piece. This secures the cut- 
ter at the position desired. The other end of this rod 
is threaded and a nut is run on, then another nut is 
secured on its end. This permits the regulating of the 
spring pressure for light or heavy chips, also to release 
the spring while setting the tool. C. H. WILLEY. 


An Emergency Pipe-Thawing Outfit 
SHown in the accompanying illustration is an emer- 
gency pipe-thawing outfit readily constructed and suit- 
able for the thawing of frozen home-service pipes. When 


thawing 150 ft. of 2-in. pipe buried 4 ft. in the ground, 


about 33 kw. were required for a period of 20 min. 

Essentially the equipment consists of two 10-kw. 
transformers with primaries connected in series across 
2300-v. service lines and secondaries in parallel to give 
55 v. No. 1 B. & S. wire is used, with one lead con- 
nected to a fire hydrant and the other through the me- 
dium of a water rheostat to any home faucet. 

When a long pipe is being thawed, the rheostat plates 
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off flush with the @rank and the trouble will be over; it® 


may be allowed “to come together without danger of 
burning out the transformer. 
For the use of this outfit we have been charging our 
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DIAGRAM OF CONNECTIONS OF EMERGENCY PIPE-THAWING 
OUTFIT 


local water company $10: per hour, which included the 
service of one lineman and the current required. 


C. A.S. 


Repairing a Can Filler Valve Stem 


WHILE REMOVING the foot valve of a can filled to 
replace a rubber seat, the stem, a length of brass wire 
3/32 in. in diameter, broke off close to the valve. The 
ean filler had to be in use the next day, and as no new 
wire was obtainable, I proceeded to make repairs in 
the following manner: 

After having drilled and tapped a hole in the top 
of the valve to take 814-in. pipe, I sweated a piece about 
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POINT AT WHICH WIRE WAS BROKEN AND METHOD OF 
REPAIR 


11% in. long into it. I then filled this short piece of pipe 
with solder, and while this solder was still in a molten 
state, I placed the wire (with its end slightly bent) into 
it, so that, upon solidifying, the solder held it securely 
in place and in such manner as to provide the necessary 
length. LeRoy R. WILLIAMSON. 


‘‘Norine is so local as not to be of some general 
benefit.’’—(Lincoln.) Thrift and War Savings Stamps 
not only bring individual or community prosperity ; they 
bring national prosperity. 
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Dry Vacuum Pump Cards for Criticism 


SHOWN HEREWITH are two cards taken from a 22 
by 18-in. dry air vacuum pump operating at a speed 
of 90 r.p.m. and used in connection with a barometric 
condenser. One of these cards was taken under a 
vacuum of 27.7 in. and the other under 29.3 in. 

I am submitting these cards for criticism by the 
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CARDS TAKEN FROM 22 By 18-IN. DRY VACUUM PUMP 


readers of Power Plant Engineering. Is there any- 
thing wrong with them? If so, how may the defect 
or defects be remedied ? C. E. N. 


Electrical Machine Operation Questions for 
swer 

I wouLp greatly appreciate hearing from some of 
the readers of Power Plant Engineering as to what they 
might do under conditions such as mentioned in the 
following cases: 

(a) A motor-driven exciter set employed in connec- 
tion with an alternator operating in parallel with others 
burns off a lug on the motor, thereby killing the ex- 
citing current. The operator is at some distance from 
the board. He trips out alternator, places steam exciter 
in operation and starts over again. 

He was called for tripping alternator because of 
the time lost by doing so. Was he right or wrong? 

(b) Lightning burns out two current transformers, 
putting the line out of service. The operator cuts out 
one with a jumper and short-cireuits secondary of the 
other; he then starts up, taking a chance on the second 
transformer being O. K. 


cen 


, ae 
E 
oe 


ek 


Should he have cut out the second transformer to 
be certain against a second shut-down? 

(c) A 600-v. d.c.—360-v. a.c., 300-kw. 500 r.p.m, 6- 
pole rotary converter employing half voltage reactance 
tap is thrown directly on full voltage. The field break 
of switch being open, a flash jumps from one blade of 
this switch to a screw head used to screw the base of 
this switch to the frame of the machine. The slate 
base cracks. The voltmeter was indicating positive 
polarity and the distance from switch blade to screw 
head was 114 in. 

What was the cause of this flash-over and about 
what voltage would do this and still not break down 
the insulation. of the field coils? 

(d) One of the collector rings on a turbo alter- 
nator developed several burned spots which contin- 
ually became worse; carbon brushes in a box-type holder 
were used. 

Plans were made to true up the rings; but before 
a turning rig could be secured, the brushes wore down 
against the stop, and when the low spots came around, 
they hung there, and as a result arced and burned the 
ring. 

Arrangements were then made to shut down at mid- 
night in order to smooth up the ring; but about 11 
o’clock, with a flash issuing from the brushes, the whole 
load dropped. The engineer made the claim the flash 
occurred from ring to ring, a distance of 21% in., while 
I am of the opinion that this peculiar behavior was 
due to the fact the brushes were unable to maintain 
contact with the ring, and as a consequence the circuit 
was broken and the excitation lost. 

The ring was then smoothed up sufficiently by means 
of a sandstone block to allow operation of the machine 
until permanent repairs might be made. 

(e) I should like to hear from somebody who has 
some of the new 60-cycle commutating pole rotaries 
on a trolley load as to flashing behavior during storms, 
etc. H. A. C. 


Why the Peculiar Pump Performance? 

I HAvE two No. 5 pumps in my charge which, up to 
a few months ago, ran well and did remarkable work 
under extreme conditions. We have about 26 ft. of lift 


and about 200 ft. head. The pumps did well for about’ 


5 yr., with occasional spells, but of late they have be- 
come chronic invalids. They will take spells of stop- 
ping on one end and then will remain on that end, 
making very short rapid strokes. The stroke will be 
about 14 to 1 in. long. 

If we cut off the water and allow the pump to run 
light, it seems to work perfectly; but as soon as it 
picks up the water, it will stop and begin short strok- 
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ing. We have ground the valves and have installed 
new valve cages, also a complete new steam chest and 
piston valve, with no benefit. We have also tried en- 
larging the small hole in the piston valve, thinking 
that the additional steam would throw the valve; but 
there was no change. 

All gaskets have been examined and made perfect. 
In fact, everything about the pump seems to be in 
excellent shape, but the fact remains that there is 
something wrong. 

Some of the readers of this magazine surely have 
had this same experience and have overcome it, and 
they are the ones I would like to hear from. Like all 
machines, this pump doubtless has some peculiarity 
which renders it liable to this one certain trouble. This 
is the only trouble the machines have ever given us, this 
unaccountable stopping on the end and a sort of inde- 
cision whether to go one way or thé other. Anything 
that anybody has to offer will be appreciated. 

C. C. H. 


Preventing Undue Valve Rod Wear 


As I AM HAVING considerable trouble with excessive 
wear of a valve rod on a Skinner engine, which I do 
not seem to be able to remedy, I am appealing to the 
readers of Power Plant Engineering for advice. 

The rod wears mostly on the inner edge of the 
stuffing box toward the cylinder; already this wear is 
in excess of 1-16 in. M. N. 


Governor Settings on a Double Eccentric 
Engine 

IN REPLY to the inquiry of T. J. B. appearing on page 
258 of the March 1 issue, I would state that in setting 
any Corliss valve gear, the eccentrics are turned around 
the shaft and the length of the eccentric rods adjusted 
to make the rocker arms travel equal distances each side 
of the center line of their supports. 

The usual form of construction provides an adjust- 
ment in the hook rod so that the length of that rod can 
be made to bring the wristplate, or rocker, into its cen- 
ter of travel when the rocker arm is plumb. When no 
adjustment is provided it is better to so adjust the length 
of the eccentric rod that the proper travel is imparted 
to the wristplate. With wristplate or rockers in the 
center of travel and the steam valve gear hooked up the 


radial rods from wristplate to the bell cranks are made’ 


of the proper length to give the steam valves the de- 
sired steam lap or as in the usual case of most double 
eccentric gears, negative lap. Move the steam valve gear 
into its extreme position each way and adjust the drop 
rod to such a length that no parts strike on the travel 
of the gear and yet the steam hook travels beyond the 
block enough to be sure-of engagement. 

Now turn the exhaust eccentric around the shaft until 
its wristplate or rocker is in mid position when the rods 
to the cranks are made the right length to give the 
desired lap or are line and line. 

In regard to the position in which the governor is 
to be blocked when adjusting the knockoff rods, it is to 
be remembered that in valve setting the governor is to 
be put in what is considered its normal position for the 
average load, which is usually halfway between the 
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extreme top and bottom positions. With the governor 
in this position and the rods set to release the steam 
valves at 0.25 stroke, the only way in which release can 
occur at any other point is due to a change in load or 
steam pressure which has a direct effect upon the speed 
of the engine and thus causes the governor to take up 
another position and cause cutoff to change. Therefore 
if we so locate the governor in its vertical plane as to 
represent its average position and make the rods of such 
length as to make equal cutoff at this point, the best 
results will be had. 

With the governor blocked halfway up, turn the en- 
gine over in the direction it is to run and so adjust 
the length of the knockoff rod that the steam valve at 
the end of the cylinder the piston is leaving is just 
released when the crosshead has traveled 0.25 of the 
length of the stroke. Continue to turn engine in same 
direction until piston is on center and while turning 
slowly knock off the other knockoff rod to release the 
steam valve when 0.25 stroke is reached. 

Raise governor to highest position and set safety 
cam so steam valves are not hooked up, then drop to 
lowest position and repeat the operation. If the gov- 
ernor spindle is provided with a collar to limit the up- 
ward travel of the governor, hold up the governor so no 
part can rise out of the guide slot and secure the collar. 

From the foregoing it is seen that if the average 
load is such as to require a 0.75 cutoff, the governor is 
to be blocked in practically the same position as when 
the average load is carried with a 0.25 cutoff. 

RECEIVER. 


Why the Leaky Tubes? 


A SUBSCRIBER, whose communication appears on 
page 258 of the March 1 issue, desires to learn the cause 
and a proper remedy for leaky tubes in 7 by 20-ft. 
return tubular boilers used in a sawmill. Boilers in 
such work are generally subjected to quite severe serv- 
ice, and without knowledge of the actual conditions of 
installation and operation it is quite difficult to advance 
any suggestions. 

It is, however, possible that the trouble he is ex- 
periencing with his boilers may be due to excessively 
heavy and unnatural strains such as might be caused 
by a settling of one eud of the setting or unequal sus- 
pension or support. I would advise carefully going 
over these boilers to determine whether they are in 
proper alinement and to see if all points of support 
are carrying their share of the load. 

Some time ago I experienced similar trouble, and 
upon careful examination, found that the boiler was 
2 in. low at the front end, and that it was hanging by 
the rear left bracket and the front right bracket, thus 
subjecting all parts of it to tremendous strain. 

After correcting this condition, I had no further 
trouble with leaky tubes. R. P. EvERENCE. 


I HAVE SEEN numerous boilers which were consid- 
ered practically free from scale, yet contained such 
heavy deposits on the rear end of the tubes and the 
back head that considerable leakage resulted. This 
was, as a rule, cured only by the removal of such scale 
and the re-expansion of the tubes. 

Leakage may, however, also be caused by cold air 
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entering the fire doors and by the introduction of the 
cold feed water against or near the tubes. 

The horsepower of the boilers referred to may be 
determined in the following manner: Where a tube 
has an external diameter, its internal diameter may be 
taken as 3.73 in., thus giving an internal circumfer- 
ence of 3.1416 times 3.73, or 11.718 in.; or an internal 
area equal to 11.718 times 20 times 12, or 2812.32 sq. 
in. Dividing this by 144, we obtain as a quotient 19.53 
sq. ft., or for the 105 tubes a total of 2050.65 sq. ft. 

The circumference of the shell is equal to 3.1416 times 
the diameter, 7 ft., or 21.99 ft., and as the length is 
20 ft., the external surface is equal to 20 times 21.99, 
or 439.8 sq. ft. Considering one-half of this fire swept, 
we have a shell heating surface of 219.9 sq. ft. Adding 
to this the surface of the tubes, or 2050.65 sq. ft., we 
have a total of 2270.55 sq. ft. 

Allowing 10 sq. ft. of heating surface per horse- 
power, we would have 2270.55 divided by 10, or 227 
hp. as the rating of the boiler. 

RECEIVER 

[In ealeulating the heating surface of a return tubu- 
lar boiler, it is usual to take % of the diameter of the 
shell rather than 14, and including in the total % of 
the area of both tube sheets less the continued area of 











(A) METHOD OF APPLYING TUBE REPAIRER 
(B) END REPAIRER IN PLACE 


all the tubes. Making these corrections, the total heat- 
ing surface became 2404.43 sq. ft., which would pro- 


vide a horsepower rating of about 240. 
Eprror. | 


THIS MAY BE DUE to two causes, improper rolling 
of tubes or cold and improper admission of feed water. 

In the former case, where tubes have been removed 
and new ones rolled in, it is sometimes necessary to 
insert a shim between the tube plate and the tube to 
insure a fit. It might be well to look into this; but in 
my opinion, the feed water might be the cause of 
trouble if not properly admitted to the boiler. A Sub. 
scriber does not state at what temperature his feed 
water enters his boilers nor in what manner. But take. 
for instance, feed water which has not been subjected 
to any preheating whatever; when this water is fed 
directly into the hottest and most agitated part of the 
boiler, namely, the front section of the shell over the 
fire, the metal of the boiler suffers a terrific strain. 
Constant expansions and contractions of the tube sheet 
and tubes, resulting in leaks around tubes and girth 
seams, are the penalty for this style of feeding. 

A remedy for this is to lead the feed water into 
the boiler at a point just above the tubes and along 
the length of the boiler nearly to the back head. Then 
let it cross to the other side of the boiler and discharge 
downward between the tubes and the shell. By this 
method, the feed water becomes heated almost to the 
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temperature of the water in the boiler before it is dis- 
charged, thus avoiding the dangerous effects of con- 
tinuous and alternate expansion and contraction of the 
boiler metal. 

In computing the horsepower of the boilers referred 
to let us just consider the shell proper. Assuming half 
of the surface as heating surface we have the product 
of 3.1416, 7 and 20 divided by 2, and as a quotient 
obtain 219.912 sq. ft. 

Each tube has an internal diameter of 3.732 in., 
so that by multiplying this by 3.1416 and dividing 
the product thus obtained by 12, we secure an internal 
circumference of 0.977 ft., which, times 12 times 105, 
will give us 2051.70 sq. ft. as the heating surface in 
the 105 tubes. 

For accurate work, the heating surfaces of front 
and rear heads is considered. Squaring the diameter, 
7 ft., and multiplying by 0.7854 we have 38.484 sq. ft. 
the area of the rear head. Two-thirds of this is 25.656 
sq. ft. 

The total cross-sectional area of all the tubes may 
be determined by multiplying the square of the diam- 
eter in inches of one tube or 4 by 0.7854 and 105 
and dividing the product by 144. This is equal to 
9.163 sq. ft. 

Subtracting this from 25.656 we have 16.493 sq. 
ft. as the net area. 

The heating surface of the front head is computed 
in the same way, with the exception that the total area 
of this head is used instead of 2 of it. In reality the 
front head surface above the water line is superheating 
surface, but this item is negligible. In figuring the 
horsepower of these boilers I have not taken the front 
head into consideration. 

The total heating surface of each unit is therefore 
made up of the following: 
Heating surface of shell 
Heating surface of tubes 
Heating surface of rear hd. 


219.912 sq. ft. 
2051.70 sq. ft. 
16.493 sq. ft. 


2288.105 sq. ft. 


For this type of boiler I allow 12 sq. ft. of heating 
surface for each horsepower ; this is conservative. There- 
fore, dividing 2288.105 by 12 we obtain a boiler rating 
of 190.675-+-hp. 

As there are three units the horsepower rating of the 


plant would be 3 times 190.675, or 572.02 hp. 
J. W.S. 


In ANSWERING A Subscriber, I will say that we for- 
merly had the same trouble with a 66-in. by 18-ft. return 
tubular boiler, the tubes of which would leak at the 
rear tube sheet. It was next to impossible to keep them 
tight, and after careful examination of the’ rear sheet, 
I came to the conclusion that the sheet had become crys- 
tallized to such an extent that it did not expand and 
contract with the tubes, for the tubes generally started 
leaking after a hard run when allowing the fires to cool 
down. The tubes would, of course, contract and it 
seems to me that the sheet did not contract with them 
and leakage followed, both the sheet and tubes being free 
from scale at the time. We therefore put tube repairers 
in each tube and haven’t been bothered with leaky 
tubes since. 
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These repairers, which are patented devices and 
made either for use within the tube or at the end where 
it enters the sheet, consist each of two trough-shaped 
members provided with co-operating longitudinally in- 
clined edges, thus securing a close fit when driving the 
two members into place within the tube. 

As shown in the accompanying sketch, which illus- 
trates the manner in which these repairers are put 
into place a-special driving tool is required for this 
work, 

By the use of the repairer indicated at B, I am cer- 
tain A Subseriber could overcome much of his trouble. 

Wm. H. Morean. 


Ir 1s, of course, difficult for anybody at a distance 
to tell why Subscriber’s boiler tubes leak; and as he 
has explained that retubing does not help matters, I 
will suggest a remedy that will certainly prevent them 
from leaking in the future. 

The best and only certain remedy is to have the 
tube ends electric welded. This is being done in New 
England quite extensively and no trouble has been had 
with them after welding. The process is not expensive 
and will hold them as long as the tubes last. 

We have had several boilers of the Manning type 
develop a crack under the fire doors, sometimes 18 in. 
long. We welded those cracks and that settled that diffi- 
culty forever. We also have numerous fire eracks in the 
vertical seams and around the fire door. We apply the 
same remedy with these. We also put in a patch about 15 
in. square, set the patch in place, level the edges and 
electric weld it into place. These repairs were made 
several years ago and no leaks in those places have 
troubled us since. The boiler inspectors approve of 
this method of making repairs and, in fact, recommend 
it. The-expense for 214-in. tubes is usually about $1 
per tube. Of course, the larger tubes would cost more; 
but that expense is very small compared with the ex- 
pense of retubing. 8. J. 8S. - 


Parallel Operation of Alternators 

On PAGE 171 of the Feb. 1 issue of Power Plant 
Engineering, and under subject ‘‘Proper Division of 
Alternator Load,’’ it seems that you assume that vary- 
ing the field excitation of alternating-current generators 
while running in parallel will shift or equalize the loads 
carried on the respective generators. ; 

It has been my experience during many years of 
plant operation that changing the field excitation affects 
only the power factor condition of the generator. <A 
generator, by over excitation or under excitation, will 
either be operating with a leading or lagging power 
factor; but the load will not shift from one generator 
to another by simply lowering or raising the excitation. 

The division of load between two or more alterna- 
tors operating in parallel cannot be changed by altering 
the field excitation, as is the case with direct-current 
generators. Changes in the load taken by any alter- 
nator of a group can be effected only by admitting more 
or less steam to the driving engine or turbine. In order 
that the various alternators shall share the combined 
load properly, it is therefore necessary that the gov- 
ernors on the several prime movers give the same speed 
load characteristics. 
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The eross currents of which L. B. was complaining 
are probably due to the periodicity of the prime movers. 
The angular velocity of machines running in parallel 
must be uniform, and if there should be a slight slow- 
ing up or speeding up, causing an angular displacement 
between different machines, a cross current will flow. 
A worn pick-up block, allowing the valve catch to drop 
too quick, would cause this trouble. If two gas engines 
are operated in parallel, a bad ignition plug in one 
cylinder will give trouble. Where steam engines and 
turbines are run in parallel, it is frequently necessary 
to alter the governor on the reciprocating engine, mak- 
ing it of the same sensitiveness as that of the turbine 
governor. F. A. Darst. 


Kerosene for Boilers 


I NOTICED in the Power Plant Engineering issue of 
Feb. 15, 1919, on page 208, an inquiry regarding the 
use of kerosene in boilers, signed A. B. V. In reply to 
this inquiry, I submit my experience with the use of 
kerosene in boilers. 

A few years ago, in Little Falls, Minn., where I used 
Mississippi River water for boiler feed purposes, I used 
kerosene with very good success. In Superior, Wis., 
where I had charge of seven boilers, I used Lake Su- 
perior water for boiler feeding, and I used kerosene 
with very good success. In Milwaukee, Wis., where I 
used river water for boiler feeding, I have also used 
kerosene with desirable results. This is the way I ad- 
ministered the kerosene: After the boiler was thor- 
oughly washed out and closed up with the exception 
of the top manhole, I started the water into the boiler; 
I had a pail of kerosene at the top of the boiler near 
the open manhole. As soon as the water began to rise 
up through the feed pipe in the boiler and the blowoff 
pipe was filled with water so that the water began to 
spread over the bottom of the boiler, I poured the 
kerosene in it, allowing it to rise on the surface of the 
water. In this way, a very thin coat of the kerosene 
was applied to the boiler plates and tubes and the scale 
formation would not adhere to the iron. I do not think 
there is any danger in this way of applying the oil 
to the boiler plates and I have carried pressure as high 
as 125 lb. with boilers working continuously 24 hr. a 
day for three weeks at a time between washings. 

C. S. TOMPKINS. 


Expansion of Pipe Lines 


I HAVE a pipe line about 300 ft. long made. up of 
l%-in. pipe and fitted with an expansion bend near the 


middle. If there was no such bend in the line, how 
much longer would it be when it contained steam or was 
let us say at a temperature of 300 deg. F. than when at 
a temperature of 40 deg. F.? J. W.R. 

A. With a temperature difference of (300 minus 
40 deg. F. or) 260 deg. F., the increase in length for each 
100 ft. would be, for cast iron, 1.90 in.; for wrought 
iron, 2.09 in.; for steel, 1.99 in.; and for brass and 
copper, 3.02 in. 

If, therefore, your line is 300 ft. in length, it will 
expand 5.70 in. if of cast-iron; 6.27 in. if of wrought 
iron, 5.97 in. if of steel, and 9.06 in. if of brass or copper. 
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Were They Lucky? 


Successful men are frequently called ‘‘lucky.’’ Bev. 
lief in a goddess of luck makes us dull and lazy. There 
is little use in anything. The luck theory of life log:- 
cally concludes in predestination—it warps or kills our 
ambition to study, to prepare, and to grow. It is whol!» 
unsound. 

Men are beginning to realize that good luck and ba‘ 
luck are matters of rigid law. Success doesn’t just 
happen, neither does failure; both are results of our 
application of the principles of this law. Some term 
it ‘‘the selection and survival of the fittest.’’ Anyway, 
the luck theory is almost obsolete, along with that old 
superstitious farmer who used to ‘‘sow by the light of 
the moon and reap by the grace of God.’’ 

Every man possesses an available reserve of pent-up 
possibilities and potentialities. Success is largely a 
measure of his ability to liberate and utilize these re- 
serves. Every young engineer’s career is in his own 
hands, and the degree of his desire to grow, his courage, 
his handling of opportunities, and his work will fash- 
ion his luck. 

An inside view of the careers of men who have 
achieved success in allied engineering lines will indi- 
cate the extent to which they command luck and con- 
trol their destiny. It shows that bigger and better 
things are possible for us all. It stamps a radiant, 
quickening influence on our work. It freshens our 
vision, and strengthens our purpose. Such biographi- 
cal views will be offered our readers because we be- 
lieve they possess real practical value as descriptions 
of real achievement. 


How Can Business Be Improved? 


Why doesn’t business go ahead? Stocks of goods are 
low. Most manufacturers have been doing government 
work so that their regular product has not been suffi- 
cient to meet demands. Money is to be had and rates 
of interest are not high. All conditions seem favor- 
able; yet there is a drag about getting started. 

Buyers are holding off, anticipating a considerable 
reduction in prices. Government agencies are advocat- 
ing such a reduction, and stating that the manufacturer 
must expect to take the loss. But it is difficult for a 
manufacturer, who has been forced to high prices by 
government competition for raw materials and labor to 
see how he ean reduce prices, especially as wages show 
no sign of decrease. Indeed government agencies and 
economist writers are insisting that manufacturers must 
expect a new high level for wages, and they are undoubt- 
edly correct. Labor leaders insist that there is to be 
no reduction from the high war time level, and in some 
industries demands are being made for a still further 
increase. 

Under these conditions, how is a price reduction to 
be accomplished? For most products, the labor item, 
including labor of executives, is 60 to 70 per cent of 
the cost. Goods manufactured for peace markets can- 
not command such profits as are expected on war mate- 
rial for the government. But just now, taxes are s0 
high that overhead is greatly increased, which offsets to 
a considerable extent the possibility of a reduction in 
price by taking smaller profits. Also, even those firms 
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which have been making war material and also their reg- 
ular product have seldom got more than a normal profit 
—often less—on their regular lines. The increased prices 
have been due to increase in labor and material costs. 

On the war material, the government will accept 
part of the loss and charge it to war expenses. But 
business and the people must pay for this through high 
taxes, and that means higher cost of peace goods. The 
balance of the loss on war material must be borne by 
the manufacturers who are caught with goods in process 
of manufacture and material bought at high prices to 
fulfill government contracts. This will reduce their ex- 
pected profits to little if anything more than peace 
profits, and in many cases will result in a net loss on 
their work on war goods. 

Taking a loss on peace goods for an indefinite period 
by reducing prices so as to get business going will result 
in a condition likely to be dangerous to all business. The 
loss can only be taken care of by using up accumulated 
surplus. No dividends can be earned for stockholders. 
Payment of bonds and interest on bonds may have to be 
deferred; and after the surplus is used up, the business 
faces bankruptcy. 

With present high costs of living (which by the way 
are showing some signs of getting less) it is not to be 
expected that workers will look favorably on reduction 
of wages. And living costs can only be reduced through 
reduction of prices for food, clothing and rent. The 
action of the government in sustaining the price for all 
1919 wheat was not a helpful measure in this regard, 
nor does it seem warranted by any considerations of 
fairness, as abrogation of the guarantee on the spring 
wheat would have come before the spring planting, and 
nobody would have raised a crop under any misappre- 
hension as to the price he was to get. To maintain the 
price of wheat arbitrarily, load the cost onto the coun- 
try in the form of taxes, and then ask manufacturers to 
accept a loss on their products savors of class legisla- 
tion and had no basis in logic. 

This resumé of conditions does not, however, answer 
the question, How can business be improved? It serves 
only to give an idea of the problems to be faced. And it 
should be remembered that a wise solution of these prob- 
lems is of as much importance to the man who works 
for salary or wages as to the employer. No business 
means no employment. Improved business means more 


employment. 


One point needs to be clearly understood. High 
wages, of necessity, increase the cost of the product, 
whether it be flour, meat, clothing or ships. With a 
universal high wage level, the prices for commodities 
must therefore be high, to the extent that labor enters 
into the cost of production. Therefore a high wage 
level, of itself produces, to a certain extent, high cost 
of necessities. 

Where prices are such that they yield more than a 
normal profit, evidently they should come down. And 
it is quite generally argued by economists that profits 
in future must be less than they were in the pre-war 
period, for many lines of manufacture. Just how much 
the new percentage of profit is to be, nobody has, so far, 
ventured to predict. — 

Government agencies are attempting a procedure by 
creating a board to study conditions, consult with lead- 
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ers of industry, and endeavor to secure agreement as 
to readjustment of prices to a new level low enough .to 
induce the placing of orders, and to insure against fur- 
ther reduction for a considerable period, so that buyers 
will be protected against a falling market. The first 
effort is to be directed toward basic commodities such 
as iron, steel, lumber, cement, brick, copper and textiles. 

Effort is being made also to stimulate building 
through starting of public improvements and an ‘‘own 
your own home’’ campaign. Reports from several cit- 
ies show a shortage of housing facilities and indicate 
that delay in starting building is due to uncertainty as 
to the future labor and material market. The work of 
the board should help in this respect. If no lowering 
of prices is to be expected, it is wise to go ahead and 
accept the new cost conditions. If an agreement on a 
lower price level is reached, this will give stability to 
counteract the fear of future reductions. 

So far as factory products are concerned, it would 
seem that the Plant Council offers a means of getting 
started. This plan, in brief, provides for a council of 
representatives of the management and the workers 
which shall have control of conditions of working, hours, 
recreation, health and safety provisions, and shall con- 
sider questions of wages, taking into account living con- 
ditions, possible price of product, selling costs and 
profits. The details of selection of the representatives 
on the council may vary according to the conditions of 
each plant or industry; but the idea of having the em- 
ployes, through their representatives, made familiar with 
the problems of management and the factors on which 
wages depend has possibilities of far-reaching benefit in 
bringing employes and employers into more harmonious 
relations and a better appreciation of each other’s point 
of view. 

Through such councils it would seem possible to come 
to an understanding of what can be done in the matter 
of price reduction on the product of any given plant, 
through ascertaining what wages should be paid to give 
employes reasonable living conditions and what profits 
must be had to insure a reasonable return on invested 
capital. Such a basis for prices will give assurance ef 
permanence that will create confidence in buyers, will 
stabilize industry, and will create a bond of confidence 
between the management and employes which will react 
to the benefit of both as well as to the prosperity of the 
plant. 

Co-operation. between Capital and Labor has long 
been preached as desirable. The Plant Council seems 
to offer a practical plan for trying to bring it about as 
well as a means for finding a reasonable level of prices 
under our new conditions which will permit business to 
go ahead with confidence that markets are not to be 
upset by future wide fluctuations. 


THE CHAIRMEN of 88 draft boards, after conferences 
with representatives of the Illinois Manufacturers’ Asso- 
ciation and the Association of Commerce, authorize the 
statement that there will be. jobs waiting for the 175,000 
soldiers and sailors who entered the service from Chi- 
cago when they return. Those who do not receive their 
former positions will be promoted to better ones, it is 
said. The men will be provided with transportation to 
Chicago after they are mustered out. 
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New Tube Scraping Device 
N THE average boiler plant equipped with forced 
draft underfeed stokers burning bituminous coal or 
with the traveling grate stoker burning small sizes 
of anthracite or coke breeze, it is usual to operate the 
boilers at considerably above their rated or nominal 
capacity. 

High ratings are obtained by high air pressure 
under the grates, the effect of which is to lift small 
particles of incandescent coke and ash from the grates, 
which are carried through the boiler in the furnace 
gases. A certain proportion of this coke or ash adheres 
to the bottom and sides of the tubes in the bottom row 
immediately above the fire. 





FIG. 1. TUBE SCRAPING DEVICE 


A gradual building up of this cinder occurs slowly, 
closing the opening between the tubes, so that in the 
course of a few days or weeks, as the case may be, the 
area of gas passage is materially reduced, often so much 
as to reduce the capacity of the boiler. 

This cinder cannot be dislodged by the usual soot 
blowers or tube blowers, nor by the older hand lance 
method, and the only recourse is to cut the boiler out 
of service and scrape the cinder from the tubes after 
cooling down the furnace. This is an expensive opera- 
tion and would be entirely unnecessary if means were 
provided such that it would be possible to scrape this 
cinder off the tubes while the boiler is in service. 

The usual tube dusting doors provided in horizontal 
water tube boiler settings do not give access to the 
under side of the bottom row of tubes. To meet this 
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condition a tube seraping device is now available con- 
sisting of tube scraping door casting, bottom tube scrap- 
ing doors, tube cleaning or scraping wall boxes, access 
doors for tube scraping, illustrated herewith, the pur- 
pose of which is to provide openings in the front or 
rear wall of a boiler setting through which a light 
hook may be used for scraping the cinder from the 
bottom and sides of the lowest row of boiler tubes. 


These boxes are made in sections of three, four and 
five doors which are spaced the same distance apart as 
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FIG. 2. .VIEW SHOWING USE OF TUBE SCRAPING: DEVICE 


the boiler tubes in the boiler in which they are installed. 
Two or more sections are bolted on angles or Z bars 
along the top and bottom sides providing one opening 
or door for each space between tubes. The openings 
are not in line with the tubes, but are halfway between 
tubes so that the sides of the tubes may be reached as 
well as the bottom, and also the bottom of the second 
row of tubes. 

The castings are of sufficient strength to support 
the brick wall above them and they will, when placed 
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under rear header of a horizontal water -tube boiler, 
support the weight of the boiler also. 

The boxes are about 12 in. deep and heavily ribbed 
vertically between each door or opening. When in- 
stalled, the. brick work is so laid that the boxes are pro- 
tected from radiant heat and being in short sections 
of 21 to 35 in. in length will not warp and twist and 
loosen the brick work above and below. 


Each opening is covered by a swinging door or cover, 
also of cast iron, the lower end of which passes behind 
a tapered spring catch which can be adjusted by a light 
blow of a hammer to hold the door tightly against the 
box. 

When cleaning the tubes, the attendant takes a rod 
about 5g in. in diameter and 10 to 12 ft. long, of the 
same shape as an ordinary fire hook with one prong 
about 5 in. long. By striking a projecting lug on the 
door, the door is swung to one side and the hook pushed 
in the hole. The two tubes immediately in, front of the 
openings are then scraped with one or two passes of 
the hook along the sides and bottoms and the hook 
withdrawn and the door closed by striking the door lug 
with the hook. In this manner, the lower tubes may 
be cleaned once a day or once in two days or more as 
may be required. 

Every time a boiler is cut out and cooled down, it 
is necessary to burn a certain amount of coal merely 
to heat the boiler brickwork up to the normal operating 
temperature. This amount is variously estimated at from 
600 to 1200 Ib. 

If the cinder is allowed to accumulate on lower tubes, 
the capacity may be reduced to the rated horsepower of 
boiler in two weeks’ time and the economy will fall, 
particularly if the plant is designed for maximum 
economy at a certain overload. The sum of economies 
that may be maintained by the use of this device is con- 
siderable, and while it is difficult to give exact figures, 
it is not hard to show wherein the benefits derived will 
warrant the cost of the installation. 


Making Temperature Trip the Circuit 
Breaker 


HE oldest form of overload protection is electro- 

magnetic, cutting off the current if it reaches a 

value deemed dangerous. The fact that most elec- 
trical apparatus can withstand momentary overloads 
without danger has gradually led operators to push up 
the current values at which electromagnetic protective 
devices will operate, or to dispense with them entirely, 
rather than undergo the inconvenience of having them 
disconnect the machinery on momentary peaks. 

A method of visual protection on the basis of tem- 
perature was the next step. Exploring coils were built 
into the apparatus and used to indicate the temperature 
of hot spots by means of electrical instruments. 

The latest step is a relay which automatically trips 
the circuit-breaker when the temperature reaches the 
danger point under excessive current. It may be used 
to protect any alternating-current apparatus from 
excessive heating if the apparatus is so arranged that 
exploring coils can be installed. 

The relay is intended to protect apparatus against 


POWER PLANT 
ENGINEERING 347 


overheating from sustained overloads. To afford this 
protection with the least interruption of service, the 
breaker should be tripped through the direct effect of 
the temperature of the apparatus. The relay should be 
so arranged that it prevents the breaker from tripping 
if the overload is of such short duration that the tem- 
perature does not rise to a dangerous value; while, if 
the overload persists, the breaker must be tripped out 
as soon as the temperature rises beyond the critical value. 
This is accomplished in the relay as follows: 


The relay operates on the Wheatstone bridge prin- 
ciple. Two arms of the bridge are copper exploring 
coils arranged to be placed in the oil or embedded in 
the windings of the apparatus to be protected; the other 
two arms are unchanging resistance mounted in the 
relay. The current for the bridge is supplied by the 
current transformer connected in the circuit of the ap- 
paratus to be protected. The relay has two windings, 
corresponding to and co-operating to produce torque in 
a manner similar to the current and voltage of a watt- 
meter. The main winding is a coil operating directly 
by the current transformer. The auxiliary coils are 
connected to the Wheatstone bridge arms similarly to a 





RELAY USED TO TRIP BREAKER WHEN MAXIMUM TEMPERA- 
TURE IS REACHED 


galvanometer connection, and thus receive current, the 
magnitude and direction of which depends upon the re- 
sistance of the search coils. Above a certain tempera- 
ture, the torque of the relay is in the contact direction 
and below, in the opposite direction. It will thus be 
noted that in order to close the contact, two predeter- 
mined conditions must co-exist: excess current and ex- 
cess temperature. Neither one will separately trip the 
relay. 

The construction of the exploring coils will vary, 
depending on the kind of apparatus with which they are 
to be used. 


OWING TO THE high price and scarcity of steel dur- 
ing the war, a gas company in Syracuse found it neces- 
sary to build the shells of a 200-hp. gas producer and 
scrubber out of concrete staves. The shells are 8 ft. in 
diameter and the staves measure 24 by 10 by 214 in 
They are connected by tongue and groove joints. Be- 
tween the concrete and the fire brick lining there is a 
3-in. space filled with a heat-resisting material. 
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ciety of Mechanical Engineers, American Institute of 
News Notes Mining Engineers and Engineers’ Society of Western 
Tuirty first-class boilermakers are urgently needed Pennsylvania. 
at the United States Navy Yard at Norfolk, Va. Pay : : 
ranges from $5.36 to $6.40 for eight hours. Permanent Grorce H. Ruppert, who, before his entry into the 


employment is assured.- Thirty days’ leave with full 
pay is granted at the expiration of the first year of 
service, and for each month thereafter two and a half 
days’ leave are allowed with full pay. When overtime 
is necessary, time and a half is allowed for all time in 
excess of eight hours. The Navy Department has au- 
thorized the Commission to furnish transportation to 
qualified men from point of departure to Norfolk, Va., 
if the men will agree to work for at least six months. 
United States citizens only will be considered. Full 
apprenticeship and good physical condition necessary. 
Application Form No. 1800 is required, which should 
be fully executed and filed with the Civil Service Com- 
mission at Washington, D. C. This form can be secured 
either from the Commission’s office or from one of its 
field representatives. They are located in all of the 
larger cities of the United states. 


Tue TERRY STEAM TURBINE Co. makes the deferred 
announcement that since the death of Charles E. Hague 
in April, 1917, the company’s interests in the Philadel- 
phia district have been under the supervision of V. L. 
Sanderson, with headquarters at 605 Widener building. 
They further announce that James H. Weir has re- 
cently become associated with them as assistant to Mr. 
Sanderson in that district. 


AT THE annual meeting of Engineering Council, held 
Feb. 20, Calvert Townley, Assistant to the President 
of the Westinghouse Electric & Mfg. Co., was reappoint- 
ed Chairman of the Water Conservation Committee, also 
a member of the Reconstruction Committee for the year 
terminating at the annual meeting in February, 1920. 


Wituis B. Ciemmitr has joined the engineering 
staff of the Powdered Coal Engineering & Equipment 
Co., of Chicago, in the capacity of Advisory Engineer. 
Mr. Clemmitt was formerly Assistant Superintendent 
of the Open Hearth Department of the Central Iron & 
Steel Co., at Harrisburg, Pa. 


Cuine B. FINNELL, who recently returned from the 
Officers’ Training School at Camp Pike, Arkansas, and 
who is president of the Junior Chamber of Commerce 
of St. Louis, has been appointed secretary to Walter A. 
Zelnicker, president of the Zelnicker Supply Co., of 
St. Louis. 


C. W. JOHNSON was recently appointed assistant 
manager of works of the Westinghouse Electric and 
Manufacturing Co. After graduating from Ohio State 
University, Mr. Johnson entered the employ of the 
Steel Motor Co., of Johnstown, Pa. A year later he 
became associated with the Bullock Electric Co., of 
Cincinnati, Ohio, and in 1904 was made superintendent 
of the Allis-Chalmers-Bullock, Ltd., of Montreal, Can- 
ada. In 1907 he entered the employ of the Westing- 
house Co., being appointed Chief Inspector of works, 
later being promoted to General Superintendent, in 
which capacity he has served until his recent appoint- 
Mr. Johnson is a member of the American So- 


ment. 


Chemical Warfare Branch of the service had charge of 
a Sodium-Ferro Cyanide Department of the Semet- 
Solvay Co., has accepted a position as Advisory Engi- 
neer with the Powdered Coal Engineering and Equip- 
ment Co., of Chicago. 


THe Cuicaco Pneumatic Toot Co. has announced 
the appointment of J. I. Edwards as manager rock drill 
sales division, succeeding E. Eklund, who has been ap. - 
pointed special foreign representative and who will leave 
shortly for Europe in the interests of the company. 


GirrorD-Woop Co., Hudson, N. Y., announces the 
death, on March 5, 1919, of its president, Malcolm 
Gifford. 


THE UNITED States EMPLOYMENT SERVICE has fur- 
ther extended the scope of its work by the establishment 
of two new zone offices of the Professional and Special 
Section, in Philadelphia and Boston, and it plans to 
establish other offices of this Section in the near future. 
The new zone offices are in addition to the two main 
offices at New York and Chicago, and will serve the 
particular zones in which they are located. 

By means of a comprehensive system, organized and 
directed by I. W. Litchfield, Chief of the Professional 
Section, every officer or man is being afforded an oppor- 
tunity to state his education and experience in full. His 
qualifications, determined by a personal interview, are 
carefully analyzed and matched against the positions 
available in his particular line of work. As a result, 
employers throughout the United States who state their 
needs to the offices of the Professional Section, are daily 
receiving acceptable men possessing energy, initiative, 
education and practical experience in the especial work 
to be done. 

New York office, 16 East 42nd Street; Chicago, 62 
East Adams Street; Philadelphia, 1518 Walnut Street; 
Boston, 16 Tremont Street. 


Trade Notes 


M. & E. IMPROVED GREASE cups are made with 
a spiral spring inside, the top end bearing against cor- 
rugations on the top of the cup, thus preventing any 
turning from vibration. The cap is easily turned in 
either direction with slight force, but cannot lose off. 


COLLECTOR RINGS that are rough and worn can 
be resurfaced and put in perfect condition without shut- 
ting down the equipment. An abrasive block is mounted 
on a suitable handle so that it can be held against the 
revolving collector ring or armature. The work is done, 
of course, while the equipment is running under regular 
load. Recent tests have been made on collector rings 
made of steel, copper and other materials and the 
results have shown that a new surface can easily be put 
on any ring—quickly, cheaply, without danger and 
without loss of time. Occasional use of this Ideal 
resurfacer will keep collector rings in perfect condition 
at all times. 








